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PREFACE

Ix the preparation of this work the authors have tried to keep
a number of objects constantly in mind. In the first place, they
desired to embody in the work material which could be satis-
factorily treated in a course in which the theory of organic chem-
istry is covered in two semesters (two hours a week). They
were also anxious that such material should include not only the
well-recognized basic principles of organic chemistry, but also its
more recent and more important applications; the entire story
being woven together into a simple and readable narrative.

The authors have also kept in mind the many connecting
links that bind organie chemistry to a number of other sciences,—
to medicine, dentistry, pharmacy; to agriculture; to the bio-
logical sciences; hence, the inclusion of such chapters as those
dealing with lipoids; mnucleoproteins and their decomposition
products; the chemical changes which foodstuffs undergo in the
body; plant and animal pigments; enzymes, vitamins and hor-
mones: organic compounds of arsenic and other metals; dyes
and stains, etc.

The text can, therefore, be appropriately used in connection
with @ leeture course, not only by the student who is taking
organic chemistry as part of a general academic course, or as
preparation for a more extended course in chemistry, but by one
who is preparing for the medical, dental, pharmaceutical or other
biological sciences.

The book is not intended to act as a guide for laboratory
manipulations; details for the preparation of compounds are,
therefore, intentionally omitted. Neither, with a few exceptions,
are boiling points, melting points or other physical constants
included in the body of the work; some of these will be found in
the form of a table in the appendix.

To aid the student in naming organic compounds, a brief
chapter (XXXVII) is devoted to this topic.

The structure of benzene and its derivatives is shown in
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vi PREFACE

heavy and light lines, the heavy lines representing double bonds.
This is in accordance with a plan originally proposed by one of
the authors.!

The two colored charts, taken in conjunction with Chapter
XXXIV (a brief outline for the identification of organic sub-
stances), should serve, to some extent, the purposes of a review.

A number of charts throughout the text, illustrating the uses
of a few important chemicals, have been incorporated if only
to give the student some idea of the many and diverse uses to
which organic substances may be put.

In the opinion of the authors, the student should at the very
outset be given some opportunity for collateral reading; hence,
the references at the end of chapters and the general references
at the end of the book.

The glossary has been added to explain a number of medical
terms used in the text.

Photographs of a few of the outstanding leaders in organic
chemistry have been included.

The authors have frecly consulted various text-books and
journals and they wish to acknowledge their debt to the men
responsible for the texts and articles.

For their kindness in giving permission to reproduce diagrams,
the authors wish to thank the following: The Marland Oil Co.
(Petroleum Refining); 'R. F. Remler of the Mellon Institute of
Industrial Research, and the National Wood Chemical Associ-
ation (Uses of Methanol, Uses of Acetic Acid, Uses of Acetone,
Uses of Formaldehyde); The U. 8. Industrial Alcohol Co. (Ethyl
Alcohol); D. Van Nostrand Co. (two colored charts); and Cain
and Thorpe: ‘“Synthetic Dyestuffs and Intermediate Products”
(Substituents in Naphthalene Ring).

The authors are indebted to Dr. Tesh for complete proof-read-
ing and to other members of the Department of Chemistry of the
University of Pittsburgh for eriticism.

The authors will at all times welcome suggestions and
criticism.

ALEXANDER Lowy.
BenjamiN HARrRoOWw.

L Journal of the American Chemical Society, 41, 1029 (1919).
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AN INTRODUCTION

TO

ORGANIC CHEMISTRY

CHAPTER 1
INTRODUCTION

LoxG ago man conceived the idea that between the living
and the lifeless there is a sharp dividing line. A careful study of
the colors of the spectrum, or a consideration of evolutionary
problems, might have made him reconsider this view. It would
have been more logical to assume that we probably cannot tell
just where the “ifeless” ends and the “living” begins. That,
indeed, is the modern point of view.

Even as late as a century ago, chemists still had faith in

the classification of chemieal compounds into “

organic”’ or
“inorganic,” the “ organic” being distinguished from the nor-
ganic 7 on the supposition that the former had some kind of
« vital ” or “ life foree,” which made it seem quite impossible that
a chemist could ever hope to reproduce an * organic ”’ substance
in the laboratory. (Formerly substances of mineral origin were
classed as ¢ inorganic”’; those of animal or vegetable origin were
classed as ¢ organic.””)

These notions of “ organic” and inorganic 7’ were rudely
shaken by the work of Wdohler, a distinguished German chemist,
who in 1828, succeeded in preparing urea in his laboratory by
heating ammonium cyanate (p. 113).  Now if any one compound
ean be called ¢ organic,” such a distinction certainly belongs to
urea, for it is the chief end product of the decomposition of pro-
teins in the body and is the principal nitrogenous constituent of
the urine.
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This epoch-making work of Wohler’s was not, as is generally
supposed, at once accepted unconditionally. Sometimes the sci-
entist does not take to“scientific changes any more quickly than
does the average citizen to social or political changes. But in
time other examples of the production of “ organic” substances
in the chemist’s laboratory were recorded, and the old idea
became less and less important. Chemists prepared or synthe-
sized acetic acid, fats, alecohol, oxalic acid, mustard oil, oil of bitter
almonds, sugars, camphor, uric acid, indigo, adrenaline, protein-
like substances and thousands of others, more or less complex—
all, however, typically * organic’” substances. And we are far
from having reached the limit. It is conceivable that in the not
distant future some of the food we use will be made in the chem-
ist’s laboratory. As an illustration of possibilities, within the past
vear, Kahn has prepared a synthetic fat, which he calls ¢ intarvin,”
which is of value in diabetes (p. 101). Many are of the opinion
that a judicious combination of the work of the physical chemist
and the organic chemist will result, eventually, in solving the riddle
of life itself.

We still retain the words ““ organie 7 and ““ inorganie,” though
we no longer think of them in the time-honored sense. What we
call ¢ organic ”’ chemistry may more aptly be called the chemistry
of the carbon compounds, for that is just what ‘ organic ”’ chem-
istry deals with.

But in 1‘(*alitt. we do not draw the line too sharply. Such
compounds as carbon dioxide, carbon monoxide, carbon disulfide,
hydrogen cyanide and the carbonates are usually included in
texts on inorganic chemistry, though, of course, they are carbon
compounds, and according to the definition should be included
under “ organic "’ chemistry.

The fundamental laws of chemistry, which the student has
taken up in his inorganic chemistry course, apply to organic chem-
istry with equal or perhaps greater force. If, then, the dividing
line between “organic’ and ‘‘inorganic’ chemistry is not a
sharp one, why the necessity for having these two subdivisions?
We shall enumerate a number of reasons.

1. The number of compounds of carbon known to-day exceed
225,000, and the number of compounds which do not contain car-
bon are only about 26,000.

2. In general, organic and inorganic compounds show marked
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differences in solubility, the former being usually soluble in ether,
aleohol, chloroform, benzene, ete., while the latter are not; whereas
many of the inorganic compounds are soluble in water and the
organic ones are not. '

3. The atoms of carbon have the unique property of
combining with one another to form chain-like structures—a
property not frequently shown by inorganic compounds: for
example,

H H H

H—C—C—C—H
H H H

4. Organic compounds are, as a rule, less stable than inor-
ganic; they are much more easily susceptible to chemical and
physical changes. (Organic compounds are decomposed at rela-
tively low temperatures.)

5. “Type ” reactions are quite frequent in organic chemistry.
For example, there are hundreds of organic compounds which
react with nitric acid to form “mnitro” compounds (p. 219),
hundreds of which react with reducing agents to yield “ amino ”
compounds, ete.

6. There is often a marked difference in the velocity of reac-
tion. The change of one organic compound to another is usually
a relatively slow process, whereas the transformation of inorganic
substances is often practically instantancous.

7. Reactions in organic chemistry are, as a rule, mostly non-
ionic, the solutions being non-conductors of electricity; whereas,
reactions in inorganic chemistry are largely ionic. This explains,
for example, why, when solutions of sodium chloride and silver
nitrate are mixed, an immediate precipitate of silver chloride is
obtained, whereas, we get no precipitate upon mixing solutions of
pure carbon tetrachloride (CCly) and silver nitrate.

8. Reactions in organic chemistry often tend to become quite
complex, and there are possibilities of many “ side ” or “ second-
ary ”’ reactions (p. 215).

9. The complexity in structure exhibited by some organic
compounds ix quite unknown among ingrganic compounds (p. 293).

10. Organic compounds often show a property called “ isomer-
ism 7 which we shall discuss later in some detail (p. 21), but
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this phenomenon is very little known in inorganic chemistry.
For example, when we write HNO3; we have reference to nitric
acid, and to nitric acid alone, but when we write C2HgO this may
stand for ethyl alcohol or for methyl ether, and the only way we
can distinguish the one from the other is by writing graphic or
structural formulas (p. 24), which give some idea of the arrange-
ment of the atoms within the molecule. That is the reason why
graphic and structural formulas are used so extensively in organic
chemistry (pp. 14, 263).

Importance and Applications.—We have already mentioned the
fact that more than 225,000 compounds are grouped under organic
chemistry. Many of these find various applications in our daily
life. Some of them are so common that merely mentioning their
names will suggest to the student many of their applications.
Picking a few of these substances more or less at random, we may
refer to starch, sugar, fats, oils, proteins, paper, artificial silk,
soap, explosives, photographic developers, anesthetics, disin-
fectants, antiseptics, dyes, drugs, waxes, ether, natural gas, per-
fumes, glue, citric acid, aleohol, saccharin, artificial food colors,
caffeine, cellulose, camphor, rubber, flavoring essences, gasoline,
raseline, coal tar, glycerine, aniline, indigo, salvarsan, etec. And
it may be added that the various transformations which the
foodstuffs and cellular tissue undergo in the plant and animal
kingdom, involving complex syntheses and decompositions, arc
essentially those which can best be studied by the organic chemist.

Other Sciences Based on Organic Chemistry.—Physiological
(or Bio-) chemistry (which deals with the chemical processes that
take place in animals and plants), food chemistry, and organic
analysis, all have their basis in organic chemistry. Various
aspects of medicine, dentistry and pharmacy require training in
organic chemistry. We shall illustrate this inter-dependence
with a few examples.

A problem of general importance in bacteriology is to find
some substance which has the property of destroying a certain
type of bacteria without at the same time injuring the body tis-
sues. Ehrlich, the German physician, who was also a trained
chemist, found a cure for syphilis by the use of arsphenamine
(p. 323) (also called salvarsan and ““ 606 ’’), which he synthesized
in the laboratory. More recently the work of Jacobs and Heidel-
berger at the Rockefeller Institute, N. Y., on the application of
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rarious arsenical compounds to medicine, holds out hope that one

of these will prove of distinet value in the treatment of sleeping
sickness.  Mention may also be made of the use of ¢ chloramine-T"
(p. 266) and other organic compounds containing chlorine, in the
treatment of infected wounds. During the war, Dakin and Carrel
found that “ chloramine-T,” given under certain conditions is
strong enough to destroy micro-organisms, without at the same
time harming the tissues.

Another problem, this time of particular importance to physi-
ologists and general medical practitioners, is the isolation, in a
chemically pure state, of the active principles of glands in the
body. One of the active principles of the adrenal glands, adre-
naline (or, as it is someties called,  epinephrine ”’) has not only
been isolated from the gland, but has actually been synthesized
in the laboratory. In this work Abel of Johns Hopkins and the
late Takamine, a Japanese chemist who had established himself
in the United States, took leading parts. Lately, the active
principle of the thyroid gland, thyroxin, has been isolated by
Kendall of the Mayo Clinic in Rochester, Minn., who has also
succeeded in synthesizing it. And we may mention that insulin,
(““iletin ) an active principle of the pancreas, which has been
shown by the Canadian, Banting, to play such an important role
in diabetes, though known so far in an impure form, is receiving
much attention from organic chemists.

Cocaine, novocaine, butyn, benzyl aleohol and ethylene as anes-
thetics: the essential constituents of chaulmoogra oil in the treat-
ment of leprosy; ecaffeine and related substances as diuretics;
barbital (veronal) and luminal as hypnotics; thymol and carbon
tetrachloride as a cure for hookworm; are only a few illustrations
of the comparatively recent developments in the application of
organic chemistry to medicine.

Elements Present in Organic Compounds.—Numerous as the
compounds of carbon are, most of them contain but two to five
different elements in the molecule. There are hundreds of com-
pounds which contain merely the elements carbon and hydrogen.
These are known as hydrocarbons. Methane (CHa), benzene
(C¢Hg), naphthalene (CjoHs) and anthracene (Ci4Hy), are
examples. Many contain the element oxygen in addition to car-
bon and hvdrogen; as for example, the sugars, fats, starches,
alcohols, ethers, acetic acid and glycerol. Many are composed
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of carbon, hydrogen and nitrogen, as hydrocyanic acid and aniline.
Examples of compounds containing carbon, hydrogen, oxygen
and nitrogen are some of the alkaloids, indigo and urea; and those
containing carbon, hydrogen and a halogen are chloroform and
iodoform.

Often, in addition to the elements already mentioned, we find
sulfur and phosphorus. Many of the proteins contain appre-
ciable quantities of the former element, and the phosphatides,
such as lecithin and cephalin, which are important cellular con-
stituents, contain phosphorus. (It may be mentioned in passing
that quite recently Hopkins has isolated a substance from cells,
to which he has given the name * glutathione,” which contains
sulfur and which is regarded as a substance that plays a very
important rdle in all cellular oxidations.)

Elements in addition to those already mentioned are often met
with. Following the pioneer work of Ehrlich on salvarsan, very
many organic compounds of arsenic, antimony, bismuth ‘and
mercury have been prepared. Quite recently an organic com-
pound of lead, lead tetraecthyl, has been used to prevent ‘‘ knock-
ing ”’ in automobiles (p. 187). Many salts of organic acids, such
as those of sodium, potassium, calcium, ete., are found in nature or
may be prepared in the laboratory.

Sources of Organic Substances.—A. Some organic compounds
may be traced either to the plant or animal kingdom. Out of
carbon dioxide, water and various constituents from the soil, in
the presence of light, the plant builds a veritable galaxy of sub-
stances: sugars, starches, cellulose, alkaloids (morphine in opium—
nicotine in tobacco), acids (citric and tartaric), salts (““ tartar ”’
in grapes), esters (flavoring substances of fruits), essential oils
(peppermint, lemon), camphor, vegetable oils (linseed, cotton-
seed, olive), herbs (from which drugs are made and which were so
largely used in days gone by), gum arabic, flavoring substances
(vanilla), dyes (indigo, logwood, fustic) perfumes, tannin (from
nutgalls), ete.

B. Plants and animals furnish us with fats, proteins, carbohy-
drates, enzymes and vitamins, and we often go to the animal
kingdom for a number of products, such as urea, uric acid, gelatin,
toxins and antitoxins.

C. Destructive Distillation of Coal.—When soft coal is strongly
heated in a retort, this complex substance breaks down into a
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number of (chemically) simpler substances. The conversion of a
complex substance into a number of simpler substances by the aid
of heat (in the absence of air) is known as “ destructive distilla-
tion.” The destructive distillation of coal yields coal gas (illumi-
nating gas), ammonia, coke and coal tar. Coal tar, at one time dis-
arded as a useless by-product, is now the starting-point for any
number of organic products (some 225 compounds have been so far
isolated).  Out of coal tar we get benzene, toluene, naphthalene,
anthracene, carbolic acid, the cresols, ete.; and these substances

(the source of many aromatic compounds, see pp. 199), in turn,
vield thousands of other organic compounds, many of them of
great value as dyes, perfumes, drugs, ete. (see chart, p. 199).
Perkin, an Englishman, was the first (in 1856) to prepare a coal-
tar dye, but the development of the dye industry is due largely
to the Germans, who, prior to the late war, were responsible for
much research work in this field. Post-war developments in
this country and in England have already reached such a stage as
to ensure the establishment of permanent dye and other related
industries.

“D. Destructive Distillation of Wood.—The important products
obtained from wood are acetic-acid, methanol (wood alcohol),
acetone (indirectly), wood tar, combustible gases and charcoal.
E. Destructive Distillation of Bones.—This yields animal char-
coal (bone black) and bone oil, out of the latter of which a number
of nitrogenous compounds, characterized by their disagreeable
odor, are obtained (pyridine and quinoline are examples).

F. Fractional Distillation of Petroleum.—A mixture of two or
more liquids having different boiling-points may usually be sepa-
rated from one another by a process of distillation, the liquid
with the lower boiling-point distilling over first. A process which
separates two or more liquids by making use of their different
boiling-points is called * fractional distillation.” The fractional
distillation of petroleum yields a number of important commercial
products, such as naphtha, gasoline, kerosene, gas oil, lubricating
oil, evlinder oil, vaseline, ete.

(. Fermentation.—1t was for a long time supposed that in the
conversion of sugar into alcohol by means of yeast, the living cells
of the latter were primarily responsible for the change. We now
know that what brings about this change is not the cells them-

13

selves, but substances produced by the cells, known as ““ enzymes.”
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Changes analogous to the conversion of sugar into alcohol are
known as ‘‘ fermentation.” The sweet apple juice turns to cider
(due to the formation of alcohol), and finally to cider vinegar
(due to the oxidation of the alcohol into acetic acid). Milk on
standing, or when “inoculated ” with bacteria, becomes sour,
due to the conversion of lactose (milk sugar) into lactic acid.

H. Putrefaction—Putrefaction may be defined as the decom-
position of animal or vegetable substances brought about largely
by micro-organisms, resulting in diverse products, some of which
have a foul odor. Among the products of putrefaction are amines,
fatty acids, ammonia and its compounds, HsS, methane, ete.

Purification of Organic Compounds.—Most of the organic
compounds when first prepared are impure. Before the physical
constants and chemical analyses (qualitative and quantitative) of
a compound can be determined, it must be obtained in a pure state.
For details of the methods used in the preparation of chemically
pure substances, we must refer the student to appropriate labora-
tory texts ! and only the barest outline will be given here.

The substance as first, prepared is generally in an impure state.
It may be purified by one or more of several processes, such as
crystallization, distillation, sublimation, extraction, etc. (for
details refer to laboratory manuals quoted). Almost all pure
organic compounds have a definite melting-point (m.p.), or boiling-
point (b.p.), or both. The melting- or boiling-point of the com-
pound is, therefore, determined after the preliminary process of
purification. A definite m.p. or b.p. is an important criterion of
purity. (The principles involved, as well as the details of manip-
ulation, will become familiar to the student as a result of his

! Barnett, Preparation of Organic Compounds; . Cohen, Laboratory
Manual of Organic Chemistry; Cook, Laboratory Experiments in Organic
Chemistry; Emil Fischer, Preparation of Organic Compounds; H. L.
Fisher, Laboratory Manual of Organic Chemistry; Gattermann, Practical
Methods of Organic Chemistry; Heidelberger, Laboratory Manual of Organic
Chemistry; Holleman—Walker, Laboratory Manual of Organic Chemistry;
Jones, A Laboratory Outline of Organic Chemistry; Moore, Experiments in
Organic Chemistry; Norris, Experimental Organic Chemistry; Noyes,
Organic Chemistry for the Laboratory; Orndorff, A Laboratory Manual of
Organic Chemistry; Price and Twiss, A Course of Practical Organic Chem-
istry; Steele, Laboratory Manual of Organic Chemistry for Medical Students;
Sudborough and James, Practical Organic Chemistry; Titherley, A Labor-
atory Course of Organic Chemistry; West, Experimental Organic Chemistry.
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laboratory work.) Having obtained the pure product, the next
step is an analysis of the compound.

Analysis of Organic Compounds.—(Detailed directions are
given in laboratory manuals.) 2 Before a quantitative analysis of
a compound is made, a qualitative analysis, involving the detection
of the eclements present, is undertaken. In the course of the
qualitative analysis, carbon in most organic compounds may be
detected by heating the compound with copper oxide, the earbon
thereby being oxidized to carbon dioxide, the presence of which
may be shown with lime water. The same process oxidizes any
hydrogen present to water, which is usually seen to collect in the
upper (cooler) part of the tube. Nitrogen may be detected either
by heating the substance with soda lime (NaOH+ ('a0), thereby
converting the nitrogen into ammonia, or by fusion with sodium,
whereby sodium cyanide is formed (Na+C of organic compound
+N), which is then converted into ferroeyanide by heating with a
ferrous salt, and ultimately to ¢ prussian blue ” by the addition of
a ferric salt. Halogens may be recognized by heating the com-
pound with copper oxide in a non-luminous flame, whereby a green
coloration is obtained, due to the volatilization of the copper
halide, or by making use of the sodium fusion test, whereby the
halogen is converted into the corresponding sodium salt, which
may then be tested with silver nitrate. (Remember that the hal-
ogen in organic combinations is mainly in a non-ionizable form, and
therefore does not react with a solution of silver nitrate prior to
its decomposition.)

If sulfur is present it may be recognized by fusion with sodium,
whereby sodium sulfide is formed, and a solution of this compound
when placed on a silver coin forms silver sulfide (brownish-black).

Phosphorus and any of the other elements (such as the metals)
are detected just as in inorganic analysis. The test for phos-
phorus requires a preliminary fusion with an oxidizing mixture
(such as potassium nitrate and sodium carbonate).

We have no satisfactory test for oxygen.

2 Benedict, Elementary Organic Analysis; Cohen, Laboratory Manual of
Organic Chemistry; Fisher, Laboratory Manual of Organic Chemistry;
Gattermann, Practical Methods of Organic Chemistry; Kingscott and
Knight, Methods of Quantitative Organic Analysis; Mulliken, Identification
of Pure Organic Compounds; Price and Twiss, A Course of Practical Organie
Chemistry; Sudborough and James, Practical Organic Chemistry.
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Many of the qualitative tests serve as the basis for the quan-
titative determinations. The carbon dioxide and water formed
by the oxidation of a~compound containing carbon and hydrogen
are collected and weighed, and from the amounts of the products
formed, the percentages of carbon and hydrogen in the original
compound are calculated. The nitrogen in a compound may either
be determined by the ““ Kjeldahl ”” method, whereby the element
is converted into ammonia, or by the “ Dumas ” absolute method,
whereby nitrogen gas is set free and its volume measured.

In the determination of the halogens, the compound is either
oxidized with fuming nitrie acid in presence of silver nitrate, the
resulting silver-halide weighed and the halogen ecalculated; or the
compound is heated with pure calcium oxide, and the halogen in
the resulting caleium halide determined either by precipitation or
titration with silver nitrate.

Sulfur in an organic compound is determined by heating with
fuming nitric acid, thereby converting it to sulfuric acid. This is
then precipitated as barium sulfate with barium chloride. The
percentage of sulfur is caleulated from the weight of barium sul-
fate.

For estimating phosphorus and other elements; the methods
outlined in inorganic quantitative analysis are followed.

Neither in its detection nor in its determination is there a good
method available for oxygen when present in an organic coimn-
pound. The general procedure is to determine the percentage of
all the other elements present in the compound, subtract the total
from 100, and “ call ” the difference the per cent of oxygen.

The principles underlying the analytical methods are quite
simple, but the details for the quantitative determination of C,
H, N and the other elements, are rather complex.

The analysis just diseussed is what is known as ‘“ ultimate ” or
‘““ elementary ”’ analysis. It refers to the precentage of the ele-
ments present in the compound. There is still another type of
analysis, known as “ proximate,” with which the clinical, phar-
maceutical or food chemist has much to do. This ““ proximate ”’
organic analysis deals with the determination of ingredients present
in a mixture, such as the fat or protein in milk, or the various nitro-
genous constituents and sugar in urine, or the percentage of
aleohol 1n wine, etc.

The quantitative analysis enables us to arrive at what is known
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as the “empirical ” or “simplest 7 formula; but this may not
> formula.
For example, a quantitative analysis of acetylene and benzene
would vyield the same ““empirical ” formulas for both, namely,
CH; yet acetylene is written C2Hz and benzene Cglg. In order
to arrive at the actual or “ molecular ” formula, whether C2Hz
or CgHg, we must further proceed to a molecular weight deter-
mination, based on vapor density, or boiling-point, or freezing-
point, ete. Here again the reader is referred to laboratory man-
uals or to books on physical chemistry for further details.!

Valence and Structure in Inorganic Chemistry.—Our studies in
inorganic chemistry have led us to define valence as the number
of atoms of hydrogen with which one atom of an element combines
or replaces. To show such relationships graphieally in any com-
pound, we indicate valencies by lines or “ bonds,” each line repre-
senting one valeney. Thus:

necessarily prove to be the “true” or “ molecular’

H e
H—Cl, H—0—H, N/ll, (&

NH 5

where not only are hydrogen, oxygen, nitrogen, earbon and phos-
phorus shown to be mono-, di-, tri-, tetra- and pentavalent elements,
respectively, but these valencies are indicated by bonds, each
bond representing one valency.

In organic chemistry, the use of graphic formulas is very
extensive indeed, for only by some such method ecan the dis-
tinguishing features of a compound be brought out at a
glance.

The difficulties that confront us may be seen from the following
example, which has already been touched upon once before. HNOs
is the formula for nitric acid and for this compound alone, but
(5HO stands for grain aleohol or methyl ether, and C4Hjo may
represent two different compounds.  Although the molecular
formulas are the same, the physical and chemical properties are
more or less different. We say that in these cases the different
compounds are due to differences in the internal structure of the

t Findlay, Practical Physical Chemistry; “Getman, Laboratory Exercises
in Physical Chemistry; Gray, Manual of Practical Physical Chemistry
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molecule, and our graphic formulas, which we shall use so much,
attempt to give us a picture of such differences. Of course, these
graphic formulas do not, and cannot represent the actual dif-
ferences of any two compounds, or for that matter the actual
structure of any one compound. Matter, to begin with, has
three, not two, dimensions in space, and no structure drawn on
paper can truly represent actual conditions. Nevertheless, these
two-dimensional formulas have proved of inestimable value in
clearing up many difficulties, as the student will appreciate when he
proceeds to the various chapters.
The Fundamental Bases underlying the Structural Theory of
Organic Chemistry: s
i 1. The wvalence of carbon, almost without exception, is four,!
and is represented as

S——

where any one bond bears exactly the same relationship to the
:arbon atom as any other bond.

2. Carbon atoms may be united either by single, double or
triple bonds:

|| ’
l _( 1_( ‘._ (‘: 1 ——(‘EC—
! | | I

4 ’

3. Carbon atoms may form a
for example,

“straight ” or “open” chain;

’ H A SH EHSH
: | |
H—C—C—-C—C—-C—H

|

l
H HHHH

1 There are several striking exceptions, however, such as CO (p. 157),
C=NOH (p. 158), R—N=C (p. 156), and (C¢H;);C (p. 206).

2 It is suggested that at this point the instructor illustrate by means of
models the probable spatial arrangement (in the form of a regular tetra-
hedron) of the methane molecule.
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It must not be supposed that when we write methane,
H

H—C—II, we have any intention of fixing the atoms in space.

I
H

In any case—and this has already been referred to—two-dimen-
sional gonfigurations cannot truly represent the strueture of any
form of matter. But we do wish to emphasize that in the formula
for methane the four hydrogen atoms are to be regarded as of equal
ralue, so that when a hydrogen atom is replaced by a chlorine
atom, it does not matter whether we write

Cl H H H
| W l |
H—C—II or Cl—C—H or H—C—H or H—C—CI
l i | I
H H Cl H

for they all represent one and the same compound, namely, mono-
chloromethane; nor, if two hydrogen atoms are replaced by two
chlorine atoms, does it matter whether we write

Cl @
Cl—C—H or H—C—H
H €]

for both represent the same compound, dichloromethane.

The Electron Conception of Valence.—Based on modern work

on the structure of the atom, many chemists have been busy

recently developing ideas of valency in accord with the electronic

! conceptions of matter. As early as 1907 J. J. Thomson stated that
for each valency bond established between two atoms, the trans-
ference of onec—mnegatively charged—corpuscle (electron) from
one atom to the other has taken place, the atom receiving the cor-
puscle (electron) acquiring a unit negative charge, while the atom
losing the eleetron acquires a unit positive charge. Thus, a neu-
tral H atom and a neutral C1 atom would become positively and
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H* H+ Ht
o —l— & oo == & —|+ =
H—C—H L, H—C—0—H =
-- -- -+
| | l
H+ Ht H+
’ CHy CH40 CH20
H+
_(|‘+ 0 0
o el
| HE NS
@)=
|
Ht
CH-0. COq

(Consult the references at the end of the chapter—Falk and
Nelson, Noyes and Langmuir.)

Classification of Organic Compounds..—There are two main
divisions, the ‘¢ aliphatic ” and the ¢ aromatic.”

The aliphatic compounds are related to methane, CHa, and
are “ open chain.” They get their name from the fact that animal
and vegetable fats belong to this series.

The aromatic (“‘ ring” or “ ecyclic””) compounds are related
to benzene, CgHg, and many are characterized by fragrant odors;
hence the name. 5

The line of demarcation of aliphatic and aromatic compounds
is not a sharp one, for not all aliphatic compounds can be directly
traced to fatty substances, nor do all aromatic compounds have
odors. On the other hand, many aliphatic compounds possess
very characteristic odors. Nevertheless, there are, as a rule, some
general differences which help to differentiate the two great divi-
sions, perhaps the most important being differences in a number of
chemical properties (p. 194).
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CHAPTER II

SATURATED HYDROCARBONS OR PARAFFINS AND
PETROLEUM

As its name implies, a hydrocarbon is a compound containing
hydrogen and carbon.

Methane, CIl4, is the simplest compound of the hydrocarbon
group.

Occurrence.—The decomposition of vegetable and animal
matter gives rise to this gas. One of the gases arising from marshes
is methane, hence its name “marsh gas.” It is also one of the gases
produced in intestinal putrefaction. It forms a large percentage
of the constituents found in natural gas (80 per cent and above)
and coal gas (3040 per cent). Iires and explosions in coal mines
are mainly due to mixtures of methane and air.

Preparation.—Methane may be synthesized from its elements
by passing hydrogen over carbon in presence of nickel (catalyst)
at 475°.

C+2H, — CH,

It may also be obtained by the action of water on certain carbides,
such as aluminium carbide:

AlLC3+12H.0 — 3CH;+4A1(0H)s

This reaction is of interest since it led Moissan, the French chem-
ist, to speculate on the origin of natural gas. He held this to be
due to the action of water on various metallic carbides. (It must
be remembered that methane is not always the product formed
when water acts on a carbide. The student will recall that water
acts on calcium earbide, for example, to give acetylene.)

The laboratory method depends upon heating a mixture of
fused sodium acetate and soda lime (NaOH+CaO):

CH3-:CO()1\':1‘—1—NQOT H — CH4+NaoCO3
18
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(The sodium acetate is the sodium salt of acetic acid, CHs - COOH.
The latter, in turn, may be regarded as methane, CHy, having one
of its hydrogens replaced by the COOH group, known as the
“ carboxyl ”’ group. See p. 79.) '

Properties.—It is a colorless gas with a slight odor, and burns
with an almost non-luminous flame:

CH3+20; — CO:2+21:0

Methane has high fuel value. If mixed with air and ignited, it
explodes; this explains many explosions in coal mines (*fire-
damp ).

The chemical properties of methane apply to the entire group
of saturated hydrocarbons (p. 26) of which methane is the first
member. Methane is an inactive and stable compound. (Methane
and other hydrocarbons of this series are known as paraffins, which
means “little affinity.”)  The common reagents, such as hydro-
chlorie, nitrie, sulfuric and chromic acids, and sodium and potas-
sium hydroxides, do not react with it. On the other hand, the
halogens, such as chlorine and bromine, react rather vigorously
with methane, particularly in the presence of sunlight :

H H
H—C—H + CIl ¢l » H—C—Cl4+HCl

H H
(( “,(n

H Cl| Cl Cl

H—C— H | ¢l — H—C—Cl4+2HCl

151 H
(CH,Cly)
H  ala Cl

e

Cl[CI+H|—C—[H __ |l — Cl—C—C1L3HCI

H H
(CHCL)
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'H 1 al Cl
. - |
Cl |[Cl+H| —C—[H Cl] €1 » Cl—C—Cl+4HC]
| & l
|H Cl| Cl Cl
: (CCly)

You will notice, in these examples, that the chlorine replaces
the hydrogen in the molecule. Whenever an element or a group
of elements replaces another element or group of clements in a
compound, the process is known as ‘‘ substitution.” Such reac-
tions are characteristic of saturated hydrocarbons. CHj3Cl,
CH2Cly, CHCIl3 and CCly are chlorine substitution products of
methane.

CH3Cl=methyl chloride or monochloromethane;
(CHz =methyl group) (monovalent).

CH:Cla =methylene chloride or dichloromethane;
(CH2=methylene group) (divalent);

CHCI; =trichloromethane or chloroform.
CCly = tetrachloromethane or carbon tetrachloride.

(Many of these names need not be memorized. If the student
will but remember that these compounds are substitution products
of methane, he will have little difficulty in naming them. In
CH3Cl, for example, the compound may logically be regarded as -
| methane in which one of the hydrogen atoms has been replaced by
Y chlorine; hence the name ‘“ monochloromethane.” But it must

also be remembered that the CHj group is known as a “ methyl ”’
: group; hence also the name “ methyl chloride.”)
| Ethane, CsHg. This is the second member of the paraffin
|
!

series, and in its general physical and chemical properties shows
resemblances to methane. It is found in natural gas and petro-
leum. Its formula is represented by

H H
|
H—C—-C—H

i |
H H




ISOMERISM 21

and it differs from methane by CHz. It may be regarded as
methane in which one of the hydrogens is replaced by a CHg
group; that is, CHs-CHj;, methyl methane, or dimethyl.

Further light on the structure of ethane is shed by the way in
which it can be synthesized. Methyl iodide reacts with sodium
in the following way (Wurtz synthesis):

H H H H
fm = _al I |
H—C— |1 4+ 2Na + 1 —C—H —» H—C—C—H + 2Nal

. — ] 1

4
H H H H

In other words, the formation of ethane is here shown to be a
coupling of two methyl groups.

Isomerism.—[Experience has shown that only one mono-sub-
stitution product of ethane can be obtained, but it is possible to
obtain two di-substitution products, both having the same molecu-
lar formula, CoH4Cly, but differing from one another in physical
and chemical properties. Here we clearly have a case of isomer-
ism, and the graphie formulas bear this out:

H I H H

| |
H—C—C—Cl H—C—C—C]

-

H Cl (@)(IE |

(1) (2)

for in (1) we see two chlorine atoms attached to the same carbon
atom, and in (2) the two chlorine atoms are attached to two dif-
ferent carbon atoms. Whenever we have two or more com-
pounds having the same molecular formula, but differing in physi-
al and chemical properties, we have an example of isomerism, and
the individual compounds are known as isomers. (Let us illus-
trate this question of isomerism with an analogy. Suppose we
take the figures 4, 7, 5. It obviously makes very much of a dif-
ference as to whether we write 475 or 754 or 547. Yet all we have
done is to rearrange the figures; and by merely rearranging the
numerals we have obtained totally different sums. So it may be
with two compounds such as are illustrated above: they may
have the same empirical formulas, yet be quite different sub-
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stances because of the different arrangement of the atoms within
the molecule.)

Experience has also shown that there are but two tri-, two
tetra-, one penta-, and one hexa- substitution products of ethane;
and the student can confirm this by studying the graphic for-
mulas:

o Cl Cl Cl Cl Cl
H—(!‘—(IT—CI : H-(',‘—(IJ—CI H—(i)—(|3——Cl
I'I Cl }lI IlI I (|31
Cl Cl el o Cl Cl
01—&—3:—01 Cl—(l‘.—(l)—Cl (:1-(!:-(’3—01
III 1!1 1'1 (':1 (|;1 (|;1

In naming substitution products of ethane, the system adopted
for methane is used:

CH, CH;
Methane Methyl radical
CoHg CoHj
Ethane Ethyl radical

CuH51, for example, is ethyl iodide, or iodoethane, and CoHsOH is
ethyl hydroxide, or hydroxyethane.

(The name for the radical corresponding to the hydrocarbon is
obtained by changing the suffix-ane into -yl.)

Propane, C;lg.—We have seen that ethane, CsHg, may be
regarded as methane, CHs, to which CHs has been added. Sim-
ilarly, propane, C3Hg, may be regarded as ethane, CoHg, to which
CH: has been added; or as CoHg in which one of the hydrogens
has been replaced by a CHs group. Its structure becomes evident,
by examining its synthetic method of preparation. Ethyl iodide
and methyl iodide react in the presence of sodium to form propane.

The principle was made use of in the synthesis of ethane, and may
be made use of in the synthesis of other hydrocarbons.
H H H

H H H
[ . | | 1
H—C— |I+2Na+1| —C—C—H — H—C—C—C—H + 2Nal
. R

H

T

H H 1 H 1
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(Why may propane be called ethyl methane, or dimethyl
methane, or methyl ethane, or methyl ethyl?)

(If C3Hg is propane, what would its radical, C3l7, be called?)

We pointed out that in ethane we have but one mono-sub-
stitution product and two di-substitution products, and we saw
how the graphic formulas helped to explain these facts. When
we come to propane, we find that two mono-substitution products
are possible, one differing from the other in physical and chemical
properties. Here again the graphic formulas are helpful in ex-
plaining experimental facts:

HH H OO H
| | |
H—C—C—C—H H—C—C—C—H
] | | |
H H I H I H

(1) ()

for it will be seen that in (1) the iodine atom is attached to a carbon
atom, which in turn is attached to two hydrogen and one carbon
atoms, whereas in (2) the iodine atom is attached to a carbon atom
which in turn is attached to two carbon and one hydrogen atoms.

Butanes, C,H;p.—Two butanes with this formula are known.

In the preceding paragraph we pointed out that there are two
isomeric propyl iodides which, for convenience, we shall now
write according to the ‘ structural” or * constitutional ” for-
mulas.

CH;3;-CH.-CH.I and CHj3;-CHI-CHj!

(1) (2)

Now, it may be asked, what will happen if first (1) and then (2)
are treated with methyl iodide in the presence of sodium? Are

! Periods are often used in place of bonds when writing structural
or constitutional formulas, so that CH;-CH,-CH,I really means
CH;—CH,—CH,l, which in turn indicates

H H H

H—C—C—C—1

L]

BRI
As the student proceeds with his studies in organic chemistry, he will find it
unnecessary to indicate either dots or dashes for at least some of the simpler
types of compounds
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we going to get two identical compounds? This is hardly likely,

since (1) and (2) are different. In reality, the two compounds
; obtained are different,—different in properties, but alike in having
fl the same molecular formula, C4Hjo.

4 CH3 g CII_) o CII;[ I+2N{L+I CH:; — C}IJ : CH2 . CI‘IZ . CH3+2N&I
(3)
CH;-CH[ I |-CH; — CH;3-CH-CH;3 + 2Nal

+ BN CHj
+| I |CH; (4)

' (3) and (4) are isomeric, (3) being known as normal (*‘ straight-
‘ chain ”’) or n- butane, and (4) as iso- (‘“ branched-chain ”’) butane.
{ (Why may normal butane be given any one of the following
f names: methylpropane, ethylethane, diethyl, propylmethane and
‘ symmetrical dimethylethane? Why may isobutane also be called
i trimethylmethane and unsymmetrical dimethylethane?)

(If two of the hydrogens in ethane which are attached to two
different carbon atoms are replaced by methyl groups, we get
butane or symmetrical dimethylethane:

H I CHs CHs

i
HeC—C—H — H—C——C—H

| | |
I H 1

If, however, the two hydrogen atoms replaced by two methyl
groups are on the same carbon atom, then we get isobutane, or

unsymmetrical dimethylethane.)
Pentanes, CsH;2.—Three pentanes are known:

CH;-CHs-CH:-CH.-CHs n-pentane

CH3—CH—CH,-CHs isopentane
| ‘
: ('Hs
| CH,

H3;C—C—CH; tetramethylmethane

CHj;
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Nomenclature of Saturated Hydrocarbons.—Seleet the longest
chain of carbon atoms in the molecule and number the carbon
atoms. Consider the side chains as substituents. For example,

1 2 3 4 5 6
CH3—CH—CH>—CH—CH:-CH3

CHs3 CaoH;5

2-methyl-4-ethyl hexane.

The table on page 26 includes a few normal hydrocarbons and
the corresponding monovalent radicals.

From the table we conclude the following:

1. Every hydrocarbon in this series is saturated (single bonds).

2. The name of each hydrocarbon ends in ane.

3. The hydrocarbons from CHy to Cyllo are gases, from
Cs to Cig, liquids at ordinary temperatures, and from C;7,
solids.

4. The melting- and boiling-points increase with the increase in
molecular weight.

5. The difference between any two conseeutive members in this
series 15 CHo.

(Whenever we have a series of compounds where the difference
between any two consecutive members is CHo, we get what is
known as a homologous series. The word ** homologue ” sig-

¢

nifies “ a member of the series.”  Homologous series are frequently
met with in organie chemistry, and we shall refer to them repeat-
edly. The great value in the study of these homologous series
lies in the fact that members of such a series are really members of
the same family, and, therefore, show strong family resemblances;
or, to speak in terms of chemistry, strong chemical resemblances.
This does not mean that the members of an homologous series are
exactly alike chemically; but it does mean that they have certain
common characteristics which distinguish them from other
classes of compounds.)

6. Their type formula may be represented algebraically by
CuHag s 0.

7. The names of the radicals end in “ y1,” the suffix “ ane 7 of
the hydrocarbon being changed to ““ vl (methane — methyl).

8. The type formula for radicals is CyHon,; (monovalent.)

9. The paraffins are known as “ alkanes’; hence the group is
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PARAFFIN SERIES *

1

i : Boiling- . Melting- | Name of Mono- Formula
Formula Name Point Point valent Radical R Zf !
adica
QIL Methane —164 i —184 Methyl CH;
C,Hs, Kthane — 89.3 | —172 Ethyl C.H;
C;H;s Propane — 44.1 ce Propyl C;H;
C.Hio Butane | — 0.1 —135 Butyl CH,
C;H,2 Pentane + 36.3 | —130 Amyl or Pentyl | C;Hy,
Clebl: Hexane + 68.9 | — 94 Hexyl CeH,;
CaHys Heptane 4+ 98.2 | — 97 Heptyl C:H;;
CsH;s Octane +125.8 | — 56 Octyl CsH,s
CeHyo Nonane +149.5 | — 51 Nonyl CoHiy
CioHsz: | Decane +173 - 32 Decyl CioHyy
CuHs, Undecane +194.5 | — 26.5 | Undecyl CuHas
__CpHys | Dodecane +214.5 | — 12 Dodecyl (0773 5 0
CisHzs | Tridecane +234 — 6.2 | Tridecyl CisHyy
CHzy | Tetradeeane l +252.5 | + 5.5 | Tetradecyl Ci4Hoy
CisHae Pentadecane | +270.5 | + 10 Pentadecyl CisHa
CieHss | Hexadecane | +287.5 | + 19 | Hexadecyl CieHss
CizHss | Heptadecane ( +303 ] + 22.5 i Heptadecyl Ci7Hs;
| l
i | |
. ; l - | .
CeoH 22 | Hexacontane | ... ‘ +101 ' Hexacontyl Ceotl o
C,1H2;1+: Alkane coco ! oo Alkyl CnH2n+l

* A fairly complete table is given at this point to illustrate to what extent a series has

been investigated.

the first

In the other portions of the book where tables will be given, only
few members of a series will be included.
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spoken of as an ““alkyl group.” The alkyl group is represented
by the letter “ R.”

Lower members have anesthetic properties while the higher
ones beginning with ;2 have no physiological effects.

General Methods of Preparation.

R (‘()()f\t:} 4+ NaO H — RH 4 Na.CO3

CH3COONa + NaOH — CH; 4 Na:COs3
R[X + 2Na + X|]R — R—R 4 2NaX <\\'m-m)

sSyn-
CoHsI 4+ 2Na + IC.H; — CyHio + 2Nal \thesis
, RIX H|H — RH + HX
T CHBr 4+ Ha — CoHg + HBr

(X refers to halogens.)

General Properties.—The paraffins are insoluble in, and
lighter than water, and soluble in alcohol, ether, chloroform, ben-
zene, ete. As a rule, their odor is rather pleasant. They are
flammable.

General Chemical Properties.—All the paraffins are very stable
and inactive. At ordinary temperature they are not acted upon
by nitrie, sulfurie, hydrochloric or chromic aeids, or sodium
hydroxide. Chlorine reacts in sunlight to form substitution
products. Bromine reacts less readily. Iodine does not react at
all. (The student will be puzzled at this point to explain how the
various iodide eompounds used in the Wurtz synthesis for par-
affins are prepared. We must refer him to the chapters on unsat-
urated hydrocarbons—p. 33—and alcohols—p. 56—for an answer.)

Petroleum or Crude Oil.—The history of the development of
the petroleum industry in the United States is instructive. The
Indians in Western Pennsylvania first discovered oil floating on
surface waters. By them it was used as a remedy for all physical
ills. In the middle of the last century, it occurred to a Colonel
Drake that, since oil came to the surface of springs, it was probably
present in much larger quantities beneath the earth’s surface. He
thereupon proceeded to drill a well near Oil Creek, Pa. and,
before he had dug 100 feet, oil came to-the surface in sueh quan-
tities that all of it could not be collected.
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The industrial importance of petroleum is recognized the
world over. Coal alone takes precedence over it as a fuel. It is
largely, though not entirely, made up of hydrocarbons, but not all
the hydrocarbons belong to the paraffin series—the series we have
studied in the present chapter. Some of them belong to a type
of hydrocarbons with which we shall become acquainted in the
next chapter.

Petroleum is found in many parts of the world, but more par-
tlcularly in the United States (Pennsylvania, California and
Texas), Mexico, Russia (the Baku region), Roumania and Persia.
The natural product is usually dark in color, with a characteristic
odor, and with a specific gravity that is usually, but not always,
less than water. It may be regarded as a mixture of substances,
mostly hydrocarbons.

The various products derived from petroleum are obtained
by means of fractional distillation, the first fraction consisting of
products which pass into the distillate below 150°, the second,
those that pass over between 150°-300°, and the third, those
which pass over above 300°. ISach fraction is again redistilled
and divided into more fractions, ultimately yielding substances of
commercial value. In many refineries the division into fractions
is based on specific gravity.

The light oils (up to 150°) include petroleumn ether, benzine,
gasoline and ligroin; the illuminating oils (from 150°-300°)
include kerosene; and the lubricating oils (300° and up) include
spindle, machine and ecylinder oils, ete. In addition, many
products of commercial value are obtained, such ag vaseline,
paraffin, ete.; and the tar residue in the still is used in road-making,
artificial asphalt, roofing, ete. If the temperature is high enough,
petroleum coke in the place of tar is formed. Due to its high
purity, this coke finds extensive use in the manufacture of elec-
trodes.

Commercially, the most important product obtained from
petroleum is gasoline, a mixture of hydrocarbons of relatively low
molecular weight, such as pentane, hexane, heptane, ete. The
process of purification consists of treating the gasoline with sul-
furic acid—incidentally one of the most important uses for this
acid—whereby many objectionable impurities are removed; the
sulfuric acid in turn being removed by washing with water and
subsequently with sodium hydroxide solution.
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By a careful study of the physico-chemical reactions involved
(such as temperature and pressure), American chemists have
developed methods of increasing the yield of gasoline. The
“ cracking "’ process, used so extensively to-day, consists in break-
ing up the more complex into the simpler hydrocarbons; for
example,

CisHzs — CioHoe + C:Hys + C

kerosene gasoline carbon

Albolene, nujol and petrolatum are petroleum produects used
extensively in medicine as intestinal lubricants, and, in pharmacy,
as bases for ointments, salves, etc.

(Times have changed, indeed. Less than thirty years ago, kero-
sene cost more than gasoline; the latter, in fact, was regarded
little more than a nuisance. To-day it would be hard to conceive
of many substances more valuable in commerce than gasoline.
Wherever minute quantities of the fuel can be found, it is care-
fully extracted. Even the small amount found in natural gas is
extracted and recovered. Gasoline obtained in this way from
natural gas and the gas that comes from a producing oil well are
known as ¢ casinghead " gasoline.)

The chart facing p. 29 outlines the salient features of petro-
leum refining at a typical plant and names the important com-
mercial products obtained.

READING REFERENCES

TiLpEN—Chemical Invention and Discovery in the Twentieth Century
1916), chap. 14, Petrol

CALDWELL AND SprossoN—=Seience Remaking the World. 1923), pp.
1247 (Gasolene as the World Power).
RoGers—DManual of Industrial Chemistry. (1921), pp. 585-633 (The

Petroleum Industry).
Westcorr—Handbook of Natural Gas
BeELL—American Petroleum Refining.
Bacox axp Hamor—American Fuels, Vol. IT, Chapter XIII on Natural

(Gias,

A four-reel motion picture ** The Story of Petroleum’™ can be secured
free of charge, from the Bureau of Mines, Pittsburgh, Pa.

y




CHAPTER III

UNSATURATED HYDROCARBONS OR OLEFINS AND
ACETYLENES

So far we have been dealing with hydrocarbons that are sat-
urated. When bromine comes in contact with a hydrocarbon of
the methane series, CnHanpo, it can enter the compound by sub-
stitution only, not by addition; that is, by eliminating one or more
hydrogen atoms from the molecule and substituting other atoms,
but not by adding an outside atom without any elimination. In
this chapter we take up two series of unsaturated compounds,
where, as we shall see, atoms can enter the molecule without
others leaving it. One series is known as the olefins, C,Haj,
characterized by

H H
Coee(C
H H
and the other, the acetylenes, CnHan—2, characterized by
H—C=C—H

(The student must not draw the conclusion that because there is
more than one bond between two atoms, the union between such
atoms is correspondingly stronger. On the contrary, since bonds
represent strains, the greater the number of bonds between any
two carbon atoms, the greater the strain, and hence the greater
the chemical reactivity of the compound; so that ethylene is more
reactive than cthane and acetylene more than ethylene.) !

1 The instructor may illustrate these “strains’’ by the use of Kekui¢
models.
30
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OLEFIN SERIES, CyH2y—ALKENES

CH: (hypothetical) Methylene

CaH4 Ethylene or ethene
CsHg Propylene or propene
C4Hg Butylene or butene
CsHio Amylene

etc. (Compare with the paraffins, p. 26.)

These compounds constitute an homologous series, just as the
paraffins, for there is the same difference between any two con-
secutive members—CHsz; but it will be noticed that the corre-
sponding olefins have two hydrogen atoms less than the paraffins.
The simplest known member of the olefin series, ethylene, com-
bines with chlorine to form an oil (C2H4Clz); hence the name
olefin (‘‘ oil-forming ).

In naming these compounds, we change the ending ane of the
paraffin containing the same number of carbon atoms into ylene or
ene; e.g., CoHg (ethane)—C2Hy (ethylene or ethene).

We shall deseribe one member of this series, ethylene, in some
detail, and the general characteristics of the other members can be
gleaned from a study of this one.

Preparation of Ethylene, C;Hy.—One method is by the action
of an alcoholie solution of sodium or potassium hydroxide on ethyl
bromide, a method of preparation that gives us an insight into the
structure of the (~<)mpnuu('l:

El H H H
| | ~ alcoholic KOH ‘
H—C—C— [y —————— C=C + KBr + H:0
3 [
H H H H

If, instead of using an aleoholie solution of sodium or potassium
hydroxide, we use an aqueous solution, ethyl alcohol, CoHzOH, is
produced (p. 53).

Another is to treat ethyl aleohol with a strong dehydrating
agent, such as P>0s; or H,S0,.
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Tl L] |
H—%*—(I;— OH| — cl'=c + H.0
- |
H H H H

(An alcohol contains an OH group; see p. 48.)

(The ethylene used during the late war in the preparation of
mustard gas (p. 184) was prepared by passing the vapor of ethyl
alcohol over clay balls heated to 350-400°.)

Also, by the action of sodium or zine on ethylene bromide
(dibromoecthane):

H H
||
H—C—C—H — CoHy + ZnBr,

|
'Br Br!
+7Zn s

(CoH4Bre may be regarded as ethylene, CoHy, to which two
bromine atoms have been added; or ethane, in which two of the
hydrogens attached to different carbon atoms are replaced by
bromine.)

Properties.—Ethylene is a colorless gas with a sweetish odor.
It burns with a smoky, luminous flame, and forms explosive
mixtures with air. It is present in coal gas to the extent of
4-6 per cent, and is partially responsible for its luminosity. It is
produced, therefore, in the destructive distillation of coal.
Recently, Dr. Luckhardt, of the University of Chicago, has shown
that ethylene is a powerful anesthetic and has even some advan-
tages over nitrous oxide. Within the past year ethylene has also
been introduced in California for coloring mature citrus fruits
(oranges, lemons, ete.).

The characteristic properties of ethylene are dependent upon
the presence of a double bond, and therefore upon its unsaturated
character. It combines with halogen acids, with halogens,
with hydrogen, with sulfuric acid, with hypochlorous acid, with
ozone, etc.:
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34 UNSATURATED HYDROCARBONS OR OLEFINS

(The student must clearly understand that C:Has alone rep-
resents the gas ethylene, but CoHs may be present as a divalent
group in a compound;-for example, ethylene bromide, C2H4Brs.)

III H H
[
Higher homologues. C3;Hg, H—C—C=C
I l
H H

(Propylene or propene)
4 3 2 1
CsHs=(a) CH3-CH:-CH=CH: (1-Butene or ethyl ethylene)

4 5 2 1
(b)) CH3-CH=CH-CHs (2-Butene or sym-dimethyl

ethylene)
3 2wl
(¢) CH3—C=CH. (2-Methyl-1-propene or un-
sym-dimethyl ethylene)
CHs

(In naming an olefin, a number is employed to indicate the posi-
tion of the double bond; this number denotes the unsaturated
carbon atom which lies nearest to the end of the chain.)

Sometimes the Greek letter A is used to denote the double
bond, so that (a), (b) and (¢) may also be written Al-Butene;
A2-Butene; 2-Methyl-A'-propene. (The methods of preparation
and properties are analogous to those given for ethylene.)

ACETYLENE SERIES—C,Hs,_os—ALKINES

CoH2  Acetylene or ethine
C3Hy Propine or methyl acetylene
CiHs Butine or dimethyl acetylene or ethyl acetylene

eres

These also constitute a homologous series. The members con-
tain two hydrogen atoms less than the corresponding members of
the olefins, or four hydrogen atoms less than the corresponding
paraffins. They are named by changing the ane ending of the
paraffins into ine, so that ethane, CeHg, for example, becomes
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ethine, CoH,. This series is known as the acetylene series, for
acetylene is the most important member.

As before, we shall discuss a typical member in some detail.

Acetylene, C2Ho, has the formula H—C=C—H, which shows it
to have a triple bond and therefore indicates that it is even more
unsaturated than ethylene,! a view which is confirmed by a study
of its reactions. Acetylene is an extremely reactive compound.

Preparation.—One method is probably already familiar to the
student. It is the action of water on calcium carbide:

CaC; + 2H20 — C:H: + Ca(OH):

Another is similar to a method used under the olefins:

Br Hl
TN
H—C—C—H + alcoholic 2KOH
| 1 — H—C=C—H + 2KBr + 2H.0
H Br

(Ethylene bromide
or dibromoethane)

So is the following:

Br Br 4+ Zn

[
H—C—C—H — C:Hy + 2ZnBr,

| |
Br Br |
l + 7Zn ]

(Acetylene tetrabromide
or tetrabromoethane

Acetylene is a colorless gas.  When mixed with air in a special
type of burner, it burns with a very brilliant white light and is
used for illuminating purposes. When burned it gives out a large
amount of heat. This is made use of in the oxy-acetylene torch
(for cutting steel, ete.) wherein acetylene, supplied under pressure,
is burned in the presence of oxygen. The gasis apt to explode if
stored under pressure, but can be safely handled if it is first dis-
solved in acetone (as in “ prestolite ” tanks). Liquid acetylene is
highly unstable and highly explosive.

! The instructor may illustrate this by the use of the Kekulé models
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Properties.—Since acetylene is an unsaturated compound, it
will form addition products (iize ethylene), but sinee it is more
unsaturated than ethylene, it can add to itself more atoms than
CeHy.

BN H H H H
| | +H:| | +H:
C=C —— C|)=(|N e II——(IJ—(IJ—H
H H H H
H H H H

| | |
H—C=C—H + Br; — C=C + Br: —» Br—C—C—Br

| | [
Br Br Br Br

(Acetylene dibromide (Acetylene tetrabromide
or dibromoethylene) or tetrabromoethane)
H H H H

|| ||
H—C=C—H + HBr -» H—C=C—Br + HBr » H—C—C—Br

(Bromocthylene) I |
B

(Ethylidene bromide)
(CH3Br-CH2Br, ethylene bromide, or symmetrical dibromoethane,
is isomeric with CHz- CHBr2, ethylidene bromide, or unsymmetrical
dibromocthane.) :

When acetylene is passed over finely divided nickel, three
molecules of it polymerize to form benzene:

3C2Hy; — CgHsg

(Polymers are substances having the same percentage compo-
sition, but different molecular weights. CoHz and CgHg have
the same percentage of carbon and of hydrogen, but the molecular
weight of acetylene is 26 and that of benzene is 78.)

Acetylene combines with ammoniacal silver chloride or copper
chloride solution to form metallic derivatives (acetylides):

H H Ag Ag ~ Cu Cu

| ] am| |
C=C — C=C or C=C

(Silver aretylide) (Copper acetylide)
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Many of them are highly unstable and explosive, particularly
in the dry state. In fact, many of the explosions irvolving acety-
lene are due to the formation of these acetylides.

CaCs, (=C, -calcium carbide or ealcium acetylide.
N/
7/

Ca

]1'._(]}1( r //ul/(ll[u(/ll S.

CsH;, CH3z-C=CH (Propine or methyl acetylene)
CiHg, (a) CH3-C=C-CH3s (2-Butine or dimethyl acetylene)
() C:HsC=CH (1-Butine or ethyl acetylene)

(The general properties correspond to those of acetylene, except
that only the compounds with the structure —C=C—H can form
acetylides.)

(At this point review the nomenclature of hydrocarbons on the
“ Organic Type Formula ” chart, p. 16.)

Compounds containing two double bonds are isomeric with
those containing one triple bond; for example, CH;—C=CH is
isomeric with CHy=C=CH,. The name of a compound having
one double bond ends in ene; a compound having two double
bonds has the ending diene, e.g., CH=C=CH, is propadiene.
The most important among the compounds containing two double
bonds is isoprene

CHy=C—CH=CH>
CH;

or 2-methyl-1,3-butadiene, which has been shown to be one of the
decomposition products of eaoutchoue (natural rubber), and which
is obtained by the distillation of the latter. Isoprene itself (in
presence of eatalysts, as HCl, Na, ete.) has been polymerized back
into a substance resembling caoutchoue, the resulting product
showing some striking resemblances to natural rubber. The
synthesis of rubber on an industrial seale, however, is a problem
that still awaits solution. There seems to be little doubt in the
minds of chemists that isoprene, or some substance closely analo-
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CHAPTER IV

HALOGEN DERIVATIVES OF HYDROCARBONS

We have already observed that the action of chlorine on
methane gives us the following substitution products: CH3Cl,
CH2Cls, CHCl3, CCly (p. 19). It ought to be possible to pre-
pare any one of these substances by employing the proper amount
of chlorine. (Bromine is less reactive than chlorine. It produces
analogous substitution products. Iodine does not react with
methane.) It is found in practice, however, that a series of simul-
taneous reactions occur, yielding a mixture of chlorides. (Men-
tion may be made at this point of the many attempts to produce
chloroform, CHCl3, on a commercial scale by the action of chlorine
on methane; and also of methyl chloride, CH3Cl, by a similar
reaction. Methyl chloride can be easily hydrolyzed to methanol
or wood alcohol, CH30H, and thus the synthetic methanol could
then be prepared starting from natural gas, which contains
methane. Research is being carried on at the present time along
these lines.)

Monohalogen Derivatives of the Paraffins.—An alkyl halide
(or monohalogen derivative of a hydrocarbon, p. 43), may be
regarded as a saturated hydrocarbon in which one of the hydrogens
is replaced by a halogen (F, Cl, Br, I). The following will make
this clear:

CoHon 42 CpHap 1 Group CpHop 41X (alkyl halide)

Methane, CH;H Methyl Group, CH;  Methyl chloride, CH;Cl
FEthane, C,H;H  Ethyl Group, C,H; Ethyl bromide, C,H;Br

et ete. ete.

Alkane, RH Alkyl Group, R Alkyl halide, RX

(RXis the type formula for an alkyl halide.)
40
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ALxyrL Havipes

‘or- ? ‘or- i “or- I E
For B l ‘| Bromide For- | B. P. Lodide For l]}.‘l A
mula [°C.

Chloride ks ( Tl l o .

Methyl | CH;Cl|—24 | Methyl [CH:Br| 4.5 || Methyl CH;l I 13
Ethyl | C.H:Cl 12 Ethyl | C.H,Br| 38.4 Ethyl C.H;1| 72
Propyl C;H:Cl| 46 Propyl CsH:Br{ 71 Propyl | ('311711'10‘_’.
Isopropyl ! C;H;Cl| 36. Isopropyl | C;H-Br| 59 Isopropyl | C,H;l| 89
n-Butyl * | C,HeCll 77.5 ||n-Butyl |C.H,Br| 101 | n-Butyl | C,H,I1j129

ete | ete. ’ ‘ ete. ! !

Crv Tt T O

|
|

* n- is the abbreviation for ** normal.”

In each group the specific gravities decrease as the molecular
weights increase.  The specific gravity increases as we pass from
a certain alkyl chloride to the bromide and in turn to the iodide
having the same alkyl group.

These halides are insoluble in water but soluble in ether, ben-
zene and alcohol.  The halides are generally colorless liquids with
a pleasant odor. On standing, they develop color (this is especi-
ally true of the iodides), due to decomposition, and are generally
kept in amber-colored bottles.

General Methods of Preparation.—By the action of a halogen
acid on an aleohol in presence of a dehydrating agent. (An alcohol
contains the —OH group. Examples of alcohols are CoH;0H, ethyl
alcohol, C3H;OH, propyl alcohol, and in general ROH.)

CaHs (OH 4+ H| Br —»C:HsBr + H20

Or, more generally,

R OH + H X & RX + H.0
(Whenever throughout the text “ R " is used in an equation,
it implics that the reaction is a general one; or, in other words,
is a “type’ reaction. This does not necessarily imply that
where specific examples are given, they cannot illustrate general
type reactions. As a matter of fact, in most cases the specific
examples do illustrate type reactions.)
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This reaction is analogous to the “ neutralization ”’ reaction
in inorganic chemistry, such as Na ]OH + H| Cl — NaCl + H-O.
However, the production of NaCl is an instantanecous reaction,
whereas the formation of RX is a comparatively slow process;
and in the production of RX we must have a dehydrating agent
present to remove the water as fast as it is formed, otherwise the
reaction is reversible.

Another method is the action of a phosphorus halogen com-
pound on an alcohol; e.g.,

CsH;OH + PCI; — C3H;Cl + POCl3 4+ HCI
Propy! alcohol Propyl chloride

3CsH;0H + PBry — 3C:H;Br -+ H3POj3

Phosphorous acid

or
ROH + PCl; — RCl + POClz + HCI
3ROH + PXj — 3RX + P(OH)3

A third method consists in the addition of halogen acids to
unsaturated compounds; e.g.,

I H H oI
C=C + HBr - H—C—C—Br

|
|

H 1 H I
or

CulH2n + HX — CiHop1X or RX

Properties.—The halogen compounds react with many reagents
to form diverse products. The following are examples of a number
of type reactions:

2(,‘;31{,',1 + 2Na — (';_»Hr,—(‘-_xII,', + 2Na[

Butane

(The Wurtz Synthesis.)

CeHs1 + Mg — Mg

Magnesium ethyl jodide (I)
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Compounds of type (I) are known as Grignard's reagent, the
general type formula being R-Mg- XL

CsHsI 4+ KCN — (LHCON + KI

Ethyl cyanide

CoHs1 + KOH (aqueous) ——— CoH;0H + KI

Ethyl alcohol

(vIII + .'\L’,'.\'”g ———) ('-_'I{,‘..\v();_’ + .\QI
Nitroethane
CoHsT 4+ NaOCoHj — (LH;0C,H; 4+ Nal
Sodium ethylate EXthyl ether
H
CoHsI 4+ NHj — C2H3;NH
“H
I
Ethyl ammonium ijodide
C.H;1 + HOH — (LH;0H + HI
CoHsI 4+ ale. KOH — oIy + KI + H.0

(At this stage the student is not expected to memorize these
equations, but rather, by examining them, to understand why the
halides find such extensive applications.

(Many of the reactions illustrated are of the “ double decom-
position "’ type.

Methyl chloride, C'HsCl, and Ethyl chloride, C2H;Cl, are
used as local anestheties, for when spraved upon the skin the
liquids evaporate rapidly, thereby cooling the tissue. To some
extent they are used for refrigerating purposes. Ethyl bromide,
CoH ;Br, has also been used as an anesthetie.

CH3-CH2-CHoI CHj;- CHI- CHg

n-Propyl iodide Isopropyl iodide

Dihalogen Derivatives of the Paraffins.—These have the general
formula C,H2,Xo (CoHyBrs, dibromoethane, and C3HgCls, dichlo-
ropropane, are examples). They are usually prepared by the
addition of a halogen to an unsaturated hydrocarbon:

CsHy + Bro — CsHyBrs

Ethylene bromide
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(CHzlI; is of interest since it is the heaviest organic liquid, its
specific gravity being 3.292 at 18°.)

Trihalogen Deriwvatives of the Paraffins.—The important com-
pounds of this type are chloroform, CHCI3, bromoform, CHBrs,
and iodoform, CHIs.

Chloroform, CHClIj, is prepared by the action of chlorine (in
the form of bleaching powder) on (1) ethyl alecohol or (2)
acetone.

H[H + Cljcl

| 7] /0
(1) I—C—C—O0OH — CH3-C—O |H| — CH;;-C\
| Il I

II H EL (Acetaldehyde)
(4)

Cl
|

0 0
| ‘/ Al Al 'V/
CHs-¢Z  + 3Cl, — Cl—C—C
i | \H

Cl

(Trichloroacetaldehyde or *‘ chloral®’)

| Ca(OH)2
| — — CIIC];; —+ (I{COO)ZCZL

(Calcium formate)

has not so far been isolated. Its instability, it would seem, is due

I
d'; (A) represents a hypothetical compound, or at least one which
to the Cl and OH groups being attached to the same carbon

/()
atom. The type formula for an aldchyde is R—C‘< . Weshall
H

discuss these aldehydes later, p. 67.

{
‘ ,
B
| |
‘ (2) CH;-CO-CH; + 3Cl; — | Cl—C— | CO-CH;3 + NaO| H |
(Acetone) ‘
| |
| . (Trichloroacetone)

| | — CIICIJ —*— CH:;COOX&

‘1 (Sodium acetate)
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Acetone is the simplest of the group of compounds known as
‘“ ketones.”  Their type formula is R-CO-R (p. 67).
In practice the necessary chlorine is obtained by the use of
bleaching powder.
Chloroform is ncw made on a large scale by the reduction of
(0:81P%
CCly + H; — CHCl; + HCl

Chloroform (trichloromethane) is a colorless liquid with a
sweet taste and suffoeating odor. Its b.p. is 61°. It is slightly
soluble in water. It is non-flammable. Its anesthetic properties
were discovered by Dr. Simpson of Edinburgh, in 1848.

Chloroform has a tendency to decompose when exposed to air
and light:

CHCl; 4+ O — COCl: + HCI

Phosgene)
2CHCIl; + 30 — 2COCl; + Cl; + H20

To prevent this, ethyl aleohol (to the extent of about 1 per cent) is
added to it.

Pure CHCIl3 does not react with silver nitrate, but, if any decom-
position has occurred, a precipitate of AgCl forms.

(CHCl; alone is now rarely used as an anesthetice, for ether has
largely taken its place. Sometimes a mixture of ether and chloro-
form is used. The advantage of ether over chloroform is that it
is less dangerous and the after-effects are not so pronouneed.)

Acetone and chloroform combine to form chloretone,
(CHg3)2-C(OH)-CCls, used extensively as a hypnotie, anodyne
and preservative. Chloroform combines with concentrated nitric
acid to form chloropicrin, or nitrochloroform, a substance that was
used 1n the late war as a lachrymator (“tear gas’’):

CHCl; + HNO; — CCIsNO: + H,0

When prepared on a large scale, the chloropicrin is made by the
g
action of bleaching powder on picric acid (p. 263).

Chloroform is sometimes used as a * preservative ” for the
prevention of bacterial growth, though for most purposes toluene
has largely taken its place.  Chloroform is an excellent solvent
for many organic compounds. It dissolves fats, rubber, ete.
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Bromoform, CHBrs, is prepared in a manner quite analogous
to chloroform. Its anesthetic properties are less marked.

Iodoform (triiodomethane), CHIs, is prepared by adding iodine
to a warm solution of sodium carbonate containing aleohol or
acetone—in principle analogous to the preparation of chloroform.
The odor of iodoform is not only characteristic, but powerfal,
hence the reaction is used as a test for either alcohol or acetone.
Iodoform is a powerful antiseptic and disinfectant. (The anti-
septic properties are due to its gradual decomposition with the
liberation of iodine.)

Tetrahalogen Derivatives of the Paraffins, CF4, CCly, CBrs
and CI4. Of these, only the second, carbon tetrachloride, is
important. It is made commercially by passing chlorine into
carbon disulfide, using iron, iodine or antimony pentasulfide as a
catalyst:

CS; + 3Cl: — CCly 4 S:Cls

(We have already mentioned the production of CCly from
methane by the action of chlorine:

CH; + 4Cl — CCly + 4HCL)

Carbon tetrachloride is a colorless liquid with an ethereal odor.
It is a good solvent for gums and resins and is also a constituent
of many cleaning solutions. It is an anesthetic, but is not used
because of its bad effect on the heart. It is used in fire extin-
I guishers (“ Pyrene ). Its vapor produces severe headaches.
i3 (During the past few years a number of chlorinated paraffins,
[’H used as solvents, have been prepared on a commercial scale. One
i such is tetrachloroethane, made by the action of chlorine on
3 acetylene:

CoHs + 2Cl; — C-H:Cly.)

Halogen Derivatives of Unsaturated Hydrocarbons.—The
names and structures of a few of these will be given:

Gl Gl ClL. Cl
| |
i H—C=C—H Cl—C=C—Cl

Dichloroethylene Tetrachloroethylene






CHAPTER V
ALCOHOLS

MEeTnANoL, which 1s methyl (or wood) aleohol, and ethyl (or
grain) aleohol, are the two most important, substances belonging
to this group.

The alcohols may be considered as hydrocarbons in which one
or more of the hydrogens are replaced by OH groups. (They may
also be regarded as derived from water in which one of the hydro-
gens is replaced by R; H—OH — R—OIIL.)

The relationship of the hydrocarbons to the aleohols is shown
here:

CH3H (methane) =—— C'H30H (methanol or methyl alcohol)
CoHsH (ethane) = C5H;O0H (ethyl alcohol)

C3H;H (propane) == C3H;OH (propyl alcohol)

ete. ete. ete.

RH (alkane) — =—————— RO (alkyl alcohol)
1 Nomenclature of Alcohols.—There are a number of systems

employed. (1) The ending e of the hydrocarbon containing the
same number of carbon atoms is changed to the ending ol:

| (CoHg, ethane ——— CoH;0H, ethanol
C3Hg, propene —— C3H5s0H, propenol
J (2) The alcohol is named according to the alkyl group it con-
H tains: CoHsH, ethane ——— C2Hs, ethyl group C2H50H,

| ethyl alcohol, or ethyl hydroxide.

18







ALCOHOLS

An alecohol with one OH group is monatomic, with two OH
groups, diatomic, with three, triatomie, ete.

If we take an aleohql, such as ethyl aleohol, CoHgO, and treat
it with sodium, only one atom of hydrogen (out of the six present)
is liberated:

CoHgO + Na — C3H;ONa + H

This particular atom of hydrogen obviously differs in some way
from the other five atoms. The possibility that this difference is
due to a difference in position within the molecule is borne out
by the fact that when we treat the aleohol with, say, hydrogen
iodide, one atom of iodine replaces one atom of hydrogen and
one atom of oxygen,—one iodine, in other words, replaces one
hydroxyl group:

C.Hs0H + HI — C:Hs;I + HOH

It would seem, therefore, as if one hydrogen in ethyl aleohol is
attached, not to the carbon atoms (like the other five hydrogen
atoms), but to the oxygen atom:

0
H-= O == =3
H H

and all the reactions of the many alcohols known (some of which
will be discussed presently) strengthen this view.

Types of Alcohols.
H

1. The presence of the group —C—OH indicates a primary
I
i H
H
alcohol: e.g., CH;—CZ% OH.
\H






ALCOHOLS

O
(Let us remind the student at this point that the group ——C<
E |
n /0
is characteristic of aldehydes, and the group —C\ is charac-
OH

teristic of organic acids.)

We see then that the oxidation of a primary alcohol yields
first an aldehyde and then an acid containing the same number of
carbon atoms as the original alcohol. »

When a secondary alcohol is oxidized we get a ketone; e.g.,

CH; CHs CHj
0 [ |
Cl3—C—OH — CH3—C—0 H —— CH3—C=0
|
H [OH
TIsopropyl alcohol (not isolated) Acetone

or
2-propanol

represents  ketones, and acetone is the simplest

member of the series. On further oxidation we get acids con-
taining less carbon atoms than the original ketone or aleohol.
(There are two isomeric propyl aleohols, the normal,

H
CHs3-CHs-CH20OH, and the iso, (,‘H3~(‘,K()H. The latter,

(|'113
being a secondary alecohol, yields a ketone—acetone—on oxidation;
the normal, being a primary alcohol, yields first an aldehyde—
propionaldehyde—and then an acid—propionic acid.)
When a tertiary aleohol is oxidized, a mixture of aeids and
ketones are obtained, cach substance formed having less carbon
atoms in its molecule than the original tertiary compound: e.g.,

C“Hs H-COOH (Formic acid)

S CH;z-COOH (Acetic acid)

CH L Gl CH;-CO-CH; (Acetone)
CH; CO2 + H-0

Trimethyl carbinol

or
Tertiary butyl alcohol
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Physical Properties.—The monatomic alcohols are colorless
substances. The compounds from CH30H to C4HgOH are limpid
liquids, those from Csto C;; are of oily consistency, and from Cje
ap are solids. The solubility in water decreases with increase in
molecular weight. An increase in the number of OH groups
in a compound tends to increase the sweetness; e.g., methanol
CH30H, is not sweet; glyeol, CaH4(OH)2 is somewhat sweet;
glycerol, C3H5(OH)s, is sweet; and mannitol, CeHs(OH)sg, is still
sweeter. The lower aleohols have characteristic odors; the higher
ones are practieally odorless.

Chemical Properties.—The alcohols, like water (which they
resemble in many ways), are neither acid nor alkaline in reaction.
Like water again, the alcohols combine with compounds to form
erystalline produets; for example,

CaCly-4CH30H, PtCly-2CI;0H, and MgCly-6CH;0H

These ecompounds are said to eontain ““ alcohol of erystallization.”
Sodium reaets with aleohol as it does with water, only less
violently; e.g.,

20,3}1',01{ + QN{I — 2(.‘311501\73 + IIg

Sodium ethylate

or
sodium alcoholate

As we have seen, the primary aleohols, on oxidation, yield
aldehydes and acids; the secondary alcohols, ketones; and the
tertiary aleohols, various decomposition products.

The OH group in the alcohol can be replaced by a halogen in a
number of ways:

ROH 4+ HX — RX 4 H30 (in presence of dehydrating
agents)

ROH + PCls — RC! 4+ POCl; + HC]
3ROH + PCl3 — 3RCl + P(OH)s

Alcohols combine with acids to form esters: e.g.,

CH;-COO le} HO| C.Hs — CHs-COOC.Hs + H20

Acetic acid Ethyl acetate
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METHANOL Y]

MoxaToMIic ALCOHOLS

- - |

l

! Aleohol Formula

|

{ Methyl | CH;OH
Ethyl ' CH;-CH,OH
n-Propyl { CH;-CH,-CH,0H
Isopropyl | CH;-CH(OH)-CH,
n-Primary butyl CH;-CH,-CH,-CH,OH

CH;-CH,-CH(OH) -CH;,
(CHj), : CH-CH,OH
(CHy)s : C(OH)

n-Secondary butyl
Primary isobutyl
| Trimethyl carbinol
! (tertiary butyl)

CisHsOH
CsoHeOH

Cetyl
| Myrieyl

Methanol,! CH;0H (also called methyl aleohol, wood aleohol,
methyl hydroxide, carbinol, Columbian spirit and wood spirit).
This alcohol does not occur free in nature.  On a commercial scale
it is obtained by the destructive distillation of hard wood (maple,
beech, birch, oak, etc.). When wood is heated in retorts to about
400°, we obtain gases (used as fuel under the retorts), an aqueous
distillate (known as “ pyroligneous acid ”’), wood tar and char-
coal (which remains in the retorts). The wood tar is a source for
antiseptics (wood creosote), disinfectants, fuel, road-making, cte.
The pyroligneous acid contains the acetic acid, as well as the
methanol and acetone. The acetone of eommerce is not obtained
from this source (see p. 70).

Properties and Uses.—Methanol is a colorless liquid with a
somewhat disagreeable odor. b.p. 64.7°. It is a poison and gives
rise to blindness when taken internally or applied externally. It
burns with a blue flame, quite devoid of soot, to CO2 and Hs0.
On oxidation it first forms the corresponding aldehyde, formalde-
hyde (H-CHO), and then formic acid (H-COOH). The alcohol
is used very largely as a solvent in the manufacture of varnishes

! The name “methanol” has now been officially adopted, largely with a
view to preventing its use in the place of grain aleohol.
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and lacquers, especially those containing shellac; as a solvent for
moving-picture films; in the preparation of denatured alcohol; in
the manufacture of formaldehyde; and in the preparation of
various dye intermediates.! Additional uses are given in the chart
facing p. 57.

Ethyl Alcohol, CoH;0H (also called alcohol, ethanol, grain
alcohol, ethyl hydroxide, Cologne spirit and wine spirit). The
commercial method of making it is by a process called fermenta-
tion (fermentation is a process of decomposition brought about by
substances secreted by various forms of vegetable and animal life),
and in principle differs little from the methods that have been in
use for centuries. Some starch-containing substance, such as a
cereal (corn, rye, barley, etc.), or potatoces, is allowed to sprout.
This develops within the cell a substance known as diastase, a
typical catalyst, and called an enzyme because it is produced as a
result of cellular activity. The diastase converts the starch to
maltose:

(CeH1005)s + xH20 — xC2H2:04,

Another enzyme, maltase which is also present, converts the
maltose into glucose:

Ci12H22011 4+ H20 — 2C3H 1206

Maltose Glucose

Yeast is now added, and the enzyme zymase, present in the
yeast, converts the glucose into aleohol and carbon dioxide:

CeH,206 — 2CH;0H + 2CO:

The best temperature for this fermentation ranges from 25-30°.

(Small quantities of impurities, such as glyeerol, succinic acid,
butyl aleohol, isoamyl alcohol, ete., are also found.) The aleohol
in the “ wort ”” (which is the name given to the liquor formed in the
course of the fermentation process and which contains about 14
per cent of aleohol), is purified by fractional distillation. Com-
mercial ethyl alecohol contains about 95 per cent of alcohol. A still

higher percentage of alecohol (*“ absolute,” or nearly 100 per cent
alcohol) may be obtained by the addition of caleium oxide (quick-
3

lime) or anhydrous copper sulfate (which are dehydrating agents)

1 A dye intermediate is an organic compound used in the manufacture of
dyestuffs,
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PERCENTAGE OF ALCOHOL IN BEVERAGES 59

to the liquid and allowing it to stand a day or two; it is then dis-
tilled. '

(Such substances as grape juice, corn syrup. and molasses are
already rich in glucose. Here the preliminary diastase treatment,
consisting in the conversion of starch into glucose, is unnecessary.)

Properties and Uses.—Ethyl alcohol is a colorless liquid, has a
characteristic odor and a sharp burning taste. (b.p. 78.4°.) Inthe
form of tinctures (alcoholic solutions or extracts of medicinal
substances) it is extensively used in medicine. In certain diseases,
such as pneumonia, it has proved a valuable therapeutic agent.

The use of alecohol in the industries is very extensive. As a
preservative, as an antiseptic, in the preparation of denatured
aleohol and various drugs and medicinals, as a solvent, in per-
fumery, as an essential constituent necessary for the manufacture
of iodoform, chloroform and ether, alcohol is in constant demand.
(Additional uses will be found in the chart facing p. 59.)

Denatured Alcohol.—This is alecohol which has been made
unfit for drinking purposes and external applications, but which
can still be used in the industries. Some of the substances used in
“ denaturing ”’ are methanol, benzine, pyridine, ether, acetone—
substances with disagreeable odors and flavors, and possessing
poisonous properties. No less than forty-five different formulas
have been granted in the United States for the preparation of
denatured aleohol for various industrial uses. Denatured alcohol
is tax-free.

Medicated Alcohol is aleohol unfit for drinking purposes, but
suitable for external applications. Some of the substances used in
the preparation of medicated alcohol are tartar emetic, formalde-
hyde, phenol, diethyl phthalate, benzene, acetone, zinc phenolsul-
fonate, ete.

Percentages of Alcohol in Beverages.—Beer=2-5 per cent;
wine=7-11 per cent; fortified wine=17-20 per cent; whiskey,
brandy, gin, rum, etc.=40-75 per cent.

The percentage of alcohol in a number of pharmaceutical prep-
arations is relatively high. Aromatic spirits of ammonia=68
per cent; spirits of camphor=90 per cent; tincture of iodine =
83 per cent, ete. For further details consult U. S. Pharmacopeia
I

(Whenaver fermented liquors are distilled, not only do we
get ethyl aleohol, but also small quantities of esters and a
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number of the higher aleohols, the mixture of these higher alcohols

being substances known as fusel oil. Some claim that the presence

of fusel oil in liquors is far more harmful than the ethyl alcohol

itself. In this connection the following information may be of

interest. We know that the principal constituent of fusel oil is
CH;

isoamyl alcohol, CH-CH,-CH20H, and we know that the
CH;

source of this is isoleucine, an amino acid obtained from the pro-
tein present in cereal or potato (see the chapter on proteins, p. 137.
The bacteria present convert the isoleucine into isoamyl alcohol.
It has, however, been shown that this conversion—and hence the
production of isoamyl alcohol—may be prevented by the addition
of ammonium salts, which the bacteria prefer.)
CH; H

Isopropyl alcohol, \C/
cHy” NOH
“petrohol’’ as a motor fuel and solvent. Normal butyl alcohol is
obtained as a by-product in the fermentation of sugar and is
used to a large extent as an organic solvent. Isoamyl alcohol
is converted to isoamyl acetate and thus used in the manufac-
ture of varnishes and fruit essences. Cetyl alcohol forms (as
palmitic ester) the chief constituent of spermaceti (a wax-like
substance found in the head of the sperm whale), while myricyl
alcohol is present as palmitic ester in beeswax and in Carnauba
wax. The alcohols are prepared from all these esters by hydrolysis
with boiling alcoholic KOH solution.

Diatomic Alcohols.—The simplest of these is dihydroxy-
ethane, known as glycol, CHoOH. It may be prepared by the

CH=0H
action of silver hydroxide on the corresponding dibromo-com-
pound:

, is used under the name of

CH; |Br Ag| OH CH.OH
+ - ‘ + 2AgBr
CH: |Br Ag| OH CH.OH
but commercially it is made from ethylene:
HOClI CH:—Cl Hydrolysis CH20H
CHo=CH; —— | —_—
CH,—OH CH.OH

Ethylene chlorohydrin
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Glycol is used as a solvent and preservative. The general
chemical properties resemble the alcohols, except that we here
deal with two OH groups instead of one OH group.

Triatomic Alcohols.—The best known of this group is glycerol
(also called glycerine), CH2OH (or 1, 2, 3-propanetriol), which is

CHOH

|
CH:0H
produced as a by-product in the manufacture of soap (p. 92).

CgHs(OOC 0 C17H35)3 +3NaOH hasd 3C]7H35 q COON3+C3H5(OH)3

(A typical compound in a fat) (A typical compound in a soap) (Glycerol)

(Details of this process will be given in the chapter on esters,
p.-93.)

Properties and Uses.—Glycerol is a colorless, odorless syrupy
liquid, having a sweetish taste. It is miscible with water and
aleohol and is a good solvent and a dehydrating agent. It is used
in medicine; as a sweetening agent; as a preservative for tobacco;
in perfumery; in cosmetics; in ink for rubber stamps, ete.

When glycerine is heated alone or in the presence of a dehy-
drating agent such as KHSOy, acrolein is produced:

CH.OH CH:
| —2H20 ||
CHOH —— CH

| |
CH.0H CHO

(The odor of burnt fat is due to the production of acrolein.)

As may be seen from its formula, gylcerol is both a primary and
a secondary aleohol, and may, therefore, be expected to show the
properties of both types of alcohols. When oxidized, aldehydes,
acids and ketones are formed. Treatment with acids gives esters.
One of the compounds obtained when nitric acid and glycerol
react is of importance; and that is the glyceryl trinitrate or, as it
is commonly called, nitroglycerine.

CH:0H HONO (FHz—ONOz

|

(|fHOH 4 HONO; —» CH—ONO2 -+ 3H20
CH.O0H HONO- CH;—ONO:-
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(Cone. sulfuric acid i1s added to remove the water that is
formed.)

The nitroglycerine is a dangerous explosive to handle, but when
mixed with an inert substance, like infusorial earth, *“ kieselguhr,”
thereby becoming dynamite, it can be handled with much less
risk, though none of its explosive properties are lost. (Starch
and sawdust are now used in the place of *‘ kieselguhr,” and oxidiz-
ing agents such as ammonium or potassium nitrate are added to
aid combustion.)

We owe the invention of dynamite to Alfred Nobel, a Swedish
engineer, who accumulated a fortune as a reuslt of his invention
and who bequeathed it to the Swedish Academy for the purpose
of founding the Nobel Prizes.

(Vapors of nitroglycerine produce severe headache. In medi-
cine, a 1 per cent solution in aleohol is used. It has a powerful
action on the arteries and is used as a heart stimulant.)

(Glycerol is formed in the digestive tract when the fat in food
is hydrolyzed by the enzyme “lipase” of the pancreatic juice.
It is also believed that glycerol plays an important part in the oxi-
dation of fats and carbohydrates in the body, for it would seem
that one of the intermediate substances formed in such oxidations
is glycerol, or a substance very closely allied to it.)

Polyatomic Alcohols.—The careful oxidation of the penta-
and particularly the hexa-hydroxy alcohols, leads to the com-
pounds known as sugars; but these we shall discuss later. In the
meantime, we shall merely mention the names of a few polyatomic
alcohols, and write their formulas:

CH.O0H CH,OH CH.0H

(llHOH (lfHOH CIfIIOH

(|JHOH (LIIOH CI‘HOII

(|DH20H Cl)HOH CI‘-HOH

e (lJHgOH (ltHOH
Arabitol

CH-OH

Mannitol
Erythritol occurs in nature, cither in the free or combined

state, in algae and certain lichens. A source of arabitol is gum
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arabic. The source of mannitol is the manna ash tree, which,
however, is not believed to be related to the “ manna ” of the
Bible. Dulecitol and sorbitol are isomers of mannitol.

UNSATURATED ALCOHOLS

CH=CHOH, ethenol.

CH>=CH - CH:0H, allyl alcohol, or A2-1-propenol is present in
pyroligneous acid.

(Remember that “A” indicates a “double bond,” and that
“A?” indicates double bond in position 2. The ending “ol”’
in propenol indicates an alcohol, and the “1” before the name
means that the OH group is in position 1.)

These compounds possess the general characteristics of alcohols,
and being unsaturated compounds, they form additive products
with hydrogen, with halogens, with halogen acids, etc.

READING REFERENCES

SapTLER—Chemistry of Familiar Things. (1915), chap. 16 (Fermenta-
tion).

Duxcan—The Chemistry of Commerce. (1907), chap. 7 (Industrial
Alcohol).

Harpen—Alcoholic Fermentation.

HawrLey—Wood Distillation.

RoGeErs—Manual of Industrial Chemistry. (1921), pp. 634-652 (The
Destructive Distillation of Wood); pp. 739-752 (Glycerine).




CHAPTER VI
ETHERS

Etners may be considered as derived from aleohols in which
the H of the ROH is replaced by an R group; or they may be
looked upon as derived from HOH in which both hydrogens are
replaced by R groups. The ethers are really organic oxides.
(HOH =H20 =water=hydrogen oxide; and R—O—R=R20.
For example, CoHs;—O0—CsHs=(C2H5)20=cthyl oxide, com-
monly known as ¢ ether.””)

Types of Ethers.—If the two R’s represent the same groups,
then we get a simple ether.

CH; —O0—CHj3, methyl ether
CoH5—0—CoHs, ethyl ether

If the two R’s represent different groups, we get a mixed
ether.
CH3—O0—C2Hs5, ethyl methyl ether
CoHs—0—C3H7, ethyl propyl ether

General Methods of Preparation.—The action of an alkyl
halide on the sodium alcoholate; e.g.,

CszO Na + I 03H7 = Csz-O‘C3H7 + NaI

Sodium ethylate propyl iodide Ethyl propyl ether

(This method, the Williamson’s synthesis, enables one to pre-
pare either a simple or a mixed ether.)
Heating a mixture of silver oxide and alkyl halide; e.g.,

2CH;51 -+ AggO — (CzH5)2O aF 2AgI

Ethyl oxide or
ethyl ether or ether

(This reaction proves that ether is an oxide.)
64
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General Properties.—The ethers are colorless, neutral liquids,
more volatile than the corresponding alcohols-and lighter than
water. They are very stable and inactive, and are therefore
used as solvents. The ethers, especially the lower members, are
highly flammable.

Sodium, ammonia, alkalies and dilute acids have no action on
them. Hydriodic acid acts in one of two ways:

ROR 4+ HI — ROH + RI
ROR + 2HI — 2RI + H.0

(When heated)

Phosphorus pentachloride has no action in the cold, but when
heated,
ROR + PCl; — 2RCl 4+ POCl3

Steam at 150° decomposes them:
ROR + H>O0 — 2ROH

Chlorine replaces the hydrogens in the alkyl groups.

Ether, CoH5;—0—C2H; (also known as ethyl ether, sulfuric
ether and ethyl oxide) is the most important substance of this
group.

Ether is manufactured by the ¢ continuous etherification proc-
ess.”  Equimolecular proportions of alcohol and sulfuric acid are

mixed:

C.H; [OH + 1 i—o\so2 N
n—o" Ho

Ethyl hydrogen sulfate
or ethyl sulfuric acid

SO

The mixture is now heated to 130-140° and more alcohol added:

0O CHs

SO?< + H| OC:Hs5| — (C2H5)20 4+ H2S04
OH T

(The sulfuric acid is regenerated and used over again until the acid
becomes too weak to react with the alcohol.)
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The equation may be expressed:

CoHs [OH + H| OC:Hs

Properties.—KEther is a colorless, volatile liquid, with a very
characteristic odor. b.p. 34.6°. Specific Gravity=.736 at 0°.
It is highly flammable, burning with a luminous flame, and is
explosive when mixed with air and ignited. It is slightly soluble
in water and is used for extracting certain substances from an
aqueous solution. As a solvent for fats, oils, resins, alkaloids, etc.,
ether is unsurpassed. It can be used as a solvent for quite a
number of organic substances. It also dissolves iodine, bromine,
sulfur, phosphorus, ferric chloride, ete. It is used with alcohol
in the manufacture of guncotton. Due to its rapid evaporation, it
can be used for refrigerating purposes. As an anesthetic, it was
introduced in surgery by Dr. Morton, a Boston dentist, in 1846.
As an anesthetic, ether is preferred to chloroform, for the physio-
logical effects can be better controlled. Kther for this purpose
must be highly purified.

(Ether, chloroform and other anesthetics are, chemically, more
or less inert substances and are more soluble in lipoids—typical
cell constituents—and lipoid solvents than in water.)

Other Ethers.

H.S04
) 02H5—0~C2H5 + HzO

CH>0C:Hj CH;=CH:CH:
| >O, ete
CH-.0C-H3 CH.=CH-CH>
Glycol ether Allyl ether

READING REFERENCE
BaskervILLE—The Chemistry of Anesthetics.  Secience, 34, 161 (1911).



CHAPTER VII

ALDEHYDES AND KETONES

AN aldehyde, R-CHO, may be regarded as a hydrocarbon
wherein a hydrogen atom has been replaced by the -CHO group.

@)
The type formula for an aldehyde is R—C< , and for a ketone,
H

R .
>C=O ; so that a ketone may be regarded as an aldehyde in ‘
R !

which the H of the CHO group is replaced by R; and, on the ‘
other hand, an aldehyde may be regarded as a ketone in which

one of the R groups is replaced by H. Both have the \C=O
>/

or carbonyl grouping, have a number of common properties and
they are, therefore, considered in the same chapter.

(In the chapter on sugars, the student will discover that most of
the sugars contain either aldehyde or ketone groupings, and that a
number of their properties depend upon these groups; so that
much that is gleaned from this chapter can be applied later.)

Nomenclature of Aldehydes.—(1) Change the e ending of the
hydrocarbon having the same number of carbon atoms (or the ol
ending of the aleohol) to al.

CoHg, ethane —— C2H;0H, ethanol

CHj-CHO, ethanal

(2) The aldehydes may also be named after the corresponding
acids formed when the aldehydes are oxidized.

H-COOH, formic acid ——— H-CHO, formic aldechyde or
formaldehyde

CHj3-COOH, acetic acid ———— CHg- CHO, acetic aldehyde or
acetaldehyde

67
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C:H;-COOH, propionic acid C2Hj - CHO, propionic aldehyde

or propionaldehyde

C3H; - CHO, butyric aldehyde
or butyraldehyde

CsH;-COOH, butyric acid

ete.

(Never write the group -C—OH to represent the aldehyde
grouping, but always -CHO. Remember that OH stands for
alcohol and in alcohols the linking is R—O—H and in alde-
hydes, R—C=0.)

\H

When an aldehyde is treated with phosphorus pentachloride,
the reaction is quite different from that obtained when PClj
acts on an alcohol. Taking acctaldehyde as an example,

CzH40+ PCI5 g C2H4012 + POClg
Dichloroethane
An examination of the dichloroethane reveals that it is the
unsymmetrical variety, the two chlorine atoms being attached to

the same carbon atom:
H H

|
H—?—?—m
H Cl

which suggests that the oxygen atom in aldehyde occupies a posi-
tion in the chain corresponding to these two chlorine atoms; that is,

1

H—C—C or CH; C=0
T No NI
H

Nomenclature of XKetones, R-CO-R.—(1) Change the e
ending of the hydrocarbon with the same number of carbon atoms
to one:

CsHs, propane —— CHjs-CO-CHs, propanone
C4Hio, butane CHj3-CH,-CO-CHs, butanone
CsH;2, pentane ——— CHj3-CO-CHs-CH2+CH3, 2-pentanone

CH3CH>COCHz - CHs, 3-pentanone
ete.
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(The type structure for ketone, R-CO-R, indicates that even the
simplest ketone must contain at least three carbon atoms.) (2)
Name the compound in accordance with the type of group rep-
resented by R, remembering that >C=0 is the ketonic grouping:

CH; —CO—CHs, dimethylketone

C:H;—CO—CHs, ethyl methyl ketone

CoH;—CO—CyH;9, ethyl nonyl ketone
ete.

As with ethers, so with ketones: there are simple and mixed
ketones. When R=R’ we have a simple ketone; when R is
different from R’, we have a mixed ketone; so that C2H5z-CO-CeH s
is a simple ketone, and CoHjs-CO-CsHg is a mixed ketone.

Preparation of Aldehydes and Ketones.—The oxidation of a
primary alcohol yields an aldehyde; e.g.,

H

| (K2Cr207+H2804) /la_ﬁ
CH;—C—OH + O CH;—CL-O0 | H.

1|1 N

Ethy! alcohol

0
- CH3—C< + O
H

Acetaldehyde

The oxidation of a secondary alcohol yields a ketone; e.g.,

CI‘I3 CHS_
CHy—CZH + 00— CHg——céo_m
o o

Isopropyl alcohol

— CH:;—-(ﬁ—CHg -+ H.0

Acetone

Hydrolysis of dihalogenated hydrocarbons; e.g.,

H H
—_ 0
cH—cZ[C1 + H| OH _, CH3—0<0 H - cm—c{

Cl IH OH IQE i

Ethylidene chloride




70

ALDEHYDES AND KETONES

(CH2Cl—CH2Cl is ethylene chloride, but CHs-CHCl: is ethyl-
idene chloride.)

[e] HOH » OH
T ¥
\ I
[Cl HOH CH, 0

2, 2-Dichloropropane

Aldehydes may be obtained by heating the calcium salts of
certain organic acids with calcium formate; e.g.,

CHs- COOca !

+ — CH3CHO + CaCOs
H-CO vOca»

When the calcium salts alone are heated we get ketones; e.g.,

CH,(CO0
Ca -~ CH,COCH,+CaCO;

CH,;CO|0

or

CH,\COOca
< CH3 -CO- CzH;‘,‘I‘CaCOa
C,H.COOca

Chemical Properties of Aldehydes and Ketones.—We have
already mentioned the fact that since both aldehydes and ketones

contain the carbonyl, >C==O group, they have many properties
in common. '
The >C=O group may be looked upon as an unsaturated

group, for it contains a double bond; which means that certain
tvpes of addition compounds are possible.

Acetaldehyde (CHs-CHO) and acetone (CHs-CO-CHjs) are
here taken as typical examples of aldehydes and ketones respect-
ively.

CHa’COO\
CH,-C00/

of convenience we have halved it, and write the symbol for calcium in small
letters: ea=1Ca

1 The true formula for calcium acetate is Ca, but for the sake
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ALDEHYDES

Formaldehyde, H-CﬁO (also known as methanal) is manufac-
tured by passing methanol vapor and air over copper gauze:

CH30H + O — HCHO + H-0

The reaction is exothermic and the copper need not be heated ex-
cept to start the reaction. It is a gas with irritating odor, soluble
in water. The formalin of commerce is a 35—40 per cent aqueous solu-
tion of the gas. A small amount of methanol must be present in the
formalintoprevent the polymerization of the formaldehyde. For dis-
infecting purposes, specially constructed lamps are used containing
methanol, which when burnt (in the presence of copper or platinum)
yields formaldehyde. It is used as a food preservative, disinfectant
and germicide, both in the form of gas and in solution. In the
manufacture of dyes, such as indigo, the hardening of photographic
films, the preservation of tissues (hardening the albuminous mate-
rial), the manufacture of synthetic resins, such as Bakelite and
“ Redmanol ”’ (see the chapter on phenol, p. 239), formaldehyde
finds uses. The chart facing page 74 shows in detail the uses of
formaldehyde.

Ammonia and formaldehyde combine to form hexamethylene-
tetramine:

commonly known as urotropine or ‘ aminoform,” which finds a

wide use as a diuretic and urinary antiseptie, liberating formal-
dehyde.

It is believed that in the formation of sugars from carbon
dioxide and moisture (in the plant kingdom), formaldehyde is an
intermediate product. FEmil Fischer, the eminent German chem-
ist, has actually been able to obtain a sugar (acrose) from formal-
dehyde, by treating the latter with barium or caleium hydroxide,
thereby forming ““ formose ” (a mixture of sugars), and isolating
the acrose from the formose. We shall take this up again in the
chapter on sugars.

The conversion of formaldehyde into a sugar involves polymer-
ization, and may be represented as

6HCIIO — CgH ;206
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Another polymer of formaldehyde may be obtained by treating
the substance with sulfuric acid and evaporating the solution.
The paraformaldehyde (also known as “ paraform ) so obtained
is a solid and is represented by the formula (CH20),, where x
stands for a number not yet definitely fixed. The formaldehyde
gas may again be obtained by simply heating the polymerized
formaldehyde.

Acetaldehyde, CH3-CHO (also called ethanal), is manufactured
by passing acetylene into dilute H2SO4 in presence of mercury
salts (catalyst). It is probable that what happens may be repre-
sented thus:

H H H H H H
| | + HOH| | + HOH /
C=C (If=c\—_> H—?—C—O F — CHs;-CHO
N
H OH H LOE

Acetaldehyde may be polymerized, just like formaldehyde.
If acetaldehyde is treated with sulfuric acid we get paraldehyde:

H 0 H
3CH;-CHO — (CHy-CHO); or CH (7 N
| R
oo , O\C /()
' /G Ay
CH; I
which, since it does not contain the carbonyl (>CO) group, no
longer behaves like an aldehyde. If the temperature be lowered
(say to 0°), instead of getting paraldehyde (a liquid), we get an
isomeric compound, metaldehyde (a solid), with the same formula.
Paraldehyde when heated with dilute acids is converted back to
acetaldehyde. (Paraldehyde is used in medicine as a soporific.)
Whereas PCls reacts with aldehydes, replacing the O of the CHO
group by two Cl atoms, chlorine gas displaces the hydrogen atoms
in the alkyl part of the molecule; so that, if acetaldehyde be taken
as a type, we may get the following:

/° —
(‘II;;~C\ + 3Clp — CCl3-CHO + 3HCI
H Trichloro-

acetaldehyde
or chloral
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Chloral is prepared on a large scale from ethyl alcohol (see
page 44). Chloral is an oily liquid with a penetrating smell. It
reacts with water, forming chloral hydrate,

I 0
CCl-CZ0H or CClL-¢Z -H.0
\OH \H

which is used as a soporific. In large doses, it acts as an anesthetic.
Chloral also combines with alcohol to form a ecrystalline body

H
cCly-cLOH
\OC.Hs

Chloral alcohol

Bromal, CBrs-CHO, and iodal, CI3-CHO are also known.

By means of dilute alkali, or a zine chloride solution, two
molecules of acetaldehyde may be made to combine with one
another to form aldol, a derivative of butyraldehyde.

O /H
— CHs—CZ-CH,-CHO
H \OH

2-Hydroxy-4-butanal (or aldo})

O
_Z 7
CHj C\H + HCH. C\

This is known as the aldol condensation, and, among other
things, serves as a working hypothesis to explain the synthesis of
fats in the plant kingdorx and the conversion of sugars into fats in
the animal body.

Aldehydes are detected (a) by their reduction of an ammoniacal
silver nitrate solution to silver (silver mirror); (b) by the ‘“ resin ”
formation obtained with NaOH; (c) by the formation of a reddish
violet color with magenta, which has been decolorized with SOz
(the Schiff test); and (d) by reduction of an alkaline copper sul-
fate solution (Fehling’ test), giving the red cuprous oxide.

CHO
Glyoxal, | , is a dialdehyde. Its dimethyl derivative is
CHO
CH;-C=0
dimethyl glyoxal, ] , and the dioxime of the latter is
CI8E C=0)
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CH3;—C=NOH

dimethyl glyoxime, | , a substance used in the
CH3;—C=NOH

gravimetric determination of nickel.

Unsaturated Aldehydes.—Acrylaldehyde, CH:=CH—CHO,
(commonly called acrolein, and sometimes called propenal), is
prepared either (1) by the oxidation of allyl alcohol, or (2) by heat-
ing glycerol with a dehydrating agent, as KHSOy, or (3) by heating
fats and oils to a somewhat high temperature.

(1) CHp=CH — CH,0H - O, CH,—CH.CHO + H:0

I —2HOH I
CHOH CH
l I
CHHOH CHO

(The odor of burning fat and the odor observed when candles
are extinguished are mainly due to acrolein. Due to its toxic and
lachrymatory properties, it was used as a ““ tear gas ” during the
late war.)

The properties of acrolein depend, first, upon the fact that it
has a double bond (and is, therefore, an unsaturated compound),
and second, that it is an aldehyde; so that we get reactions such
as these:

CH, CH,
I o |
CHO COOH
Acrylic acid
|
CH» CHs
| Hy |

CH —— CH»
| i
CH,0OH CH.OH

Allyl alcohol Propyl alcohol
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Geranial or citral.

CH;;\ /CH3
/C=CH—-CH2—CHz—C———CH——CHO
CHs

is found in oil of lemons and citrons.

KETONES

Acetone, CH3—CO—CHj3; (also called propanone and dimethyl
ketone) is prepared commercially by heating calcium acetate, and
may also be isolated from the products obtained in the fermenta-
tion of maize, cte.

This liquid has a characteristic odor, a peppermint-like taste,
and is miscible with water. b.p. 56.1°. It is flammable.

Acetone is used in the manufacture of chloroform, iodoform,
sulfonal, smokeless powder, celluloid, ete. The chart facing p. 78
shows in detail the uses of acetone.

Acetone is an excellent solvent for animal and vegetable oils
and for fats, gums, resins, cellulose acetate, nitrocellulose, ete.

Its chemical reactions have already been given (p. 71).

(Acetone is present in the urine and in the breath of persons
suffering from severe diabetes.)
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CHAPTER VIII
ACIDS
An organic acid contains the  carboxyl” group,

) SO >
—COOH (—C , and may be regarded as a hydrocarbon
< Nom

in which one or more of the hydrogens is replaced by COOH
groups; e.g., CHsH CH;-COOH. 1If the compound con-
tains one COOH group, it is known as a monobasic acid; if two
such groups, dibasic; if three, tribasic; ete. The basicity depends
on the number of -COOH groups present in the molecule. We
have analogous types in inorganic chemistry; e.g., HCl—H2SOs—
H3POy4, cte.

Nomenclature.—Several acids have names that suggest their
origin (formic from ‘ formica,” butyric from butter, valeric from
‘““ yaleriana,” palmitic from palm oil, ete.). The acids may also
be named by changing the ending e of the hydrocarbons con-
taining the same number of carbon atoms, to oic; so that

CH,, methane becomes H-COOH, methanoic acid

CoHg, ethane becomes CHgz-COOH, ethanoic acid

CsHsg, propane becomes CHz-CHs - COOH, propanoic acid
CsHio, butane becomes (¢) CH3—CH.—CH:—COOH, butanoic

acid
3 @ H Q)
(b) CH3—C&—~——COOH, 2-methyl-1-
\CH3 propanoic acid

This type of nomenclature is seldom used.

Or they may be named as derivatives of acetic acid,

0)
‘/
CH;-C ; e.g.,
3 \O c.g
/
CoH;—C&——— COOH, ethyl'methyl acetic acid

\CH;
79
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or as the acids of the corresponding aldehydes:

H-CHO, formaldehyde —H-COOH, formic acid

CHj-CHO, acetaldehyde ——— CH3-COOH, acetic acid

C.Hj;- CHO, propionaldehyde —— CoHs-COOM, propionic
acid, ete.

Types of Acid Derivatives.—Acids in which some element or
group has been substituted in the -COOH group are called “ acid
derivatives ”’ (they will be taken up in detail in a later chapter):

-

Q) i ' 0
R- C< o el o 0f13—c<
OM* 0O—Na
- Sodium acetate ,
* M =metal. H ¢ -7 ¢ ! =
O T + . O
R-C< , an ester; as CH;;—C<
OR 0—C2H;

Ethyl acetate

0 . A0
R.C/ , an acyl halide, as CH3—C/
s N

Cl
Acetyl chloride
0] Q)
The R—CZ group is known as the “acyl” group; CHs- Z

group is the acetyl group.

0] 0]
rR—c CH3—C<
O, an acid anhydride, as /O
R—C CH;—C
No T No

Acetic anhydride

0 ' 0
R-C< , an acid amide, as CH3—C<
Acetamide
R-C=N, An acid nitrile or an
alkyl eyanide, as CH;z-C=N

Acetonitrile or methyl cyanide

Types of Substituted Acids.—Acids in which the -COOH
groups remain, but substitution has taken place in the residual
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groups (as CHj), are known as ““ substituted acids.” (They will
be taken up in detail in later chapters.)
Ilustration with acetic acid:

CH;-COOH
CH>—COOH, chloroacetic acid
SN

Cl

CH.—COOH, hydroxyacetic acid

|

OH

CH>—COOH, cyanoacetic acid

|

CN

CH>,—COOH, aminoacetic acid

|

NHo

CH>—COOH, carboxyacetic acid (known as malonic acid)
N\COOH

CH.—COOH, sulfoacetic acid

\SO3H

(The —SOzH group is known as the sulfonic acid group or
sulfo group.)

The student should at this point thoroughly familiarize him-
self with these type compounds, as frequent allusion will be made
to them.

MONOBASIC ACIDS (FATTY ACID SERIES!), R—COOIi

General Methods of Preparation.—1. Oxidation of a primary
alcohol, or of an aldehyde; e.g.,

0 0]
CH3-CH.OH — CH3-CHO — CHs-COOH

2. Hydrolysis of esters (in presence of acids or alkalies); e.g.,
CH;-COOC.H; + HOH — CH3COOH -+ C.H;0H

Ethyl acetate

! Named Fatty acids because many of them are contained in fats, or are
formed from fats on hydrolysis.




|
|
|

i
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3. Hydrolysis of acyl halides with water; e.g.,
CHs-COCl 4+ HOH — CH3;COOH + HCI

Acetyl chloride
4. Hydrolysis of alkyl cyanides or of acid amides; e.g.,
H>O 0 H>0O (@)
CH;-C=N —— CH3—C< . CHy—Z
NH, \ONH,H>
Methyl cyanide Acetamide
B CH3—C< + NH,HSO,
OH

Ammonium acetate

(A —CN group hydrolyzes to a —COOH group.)

5. Decomposition of salts of organic acids with mineral acids;
e.g.,
CHs-COONa + H,S04 — CH3z-COOH + NaHSO.

Sodium acetate

General Properties. The lower members up to CqHy- COOH
are liquids with strong odors, and the higher ones, waxy solids.
They ionize to a slight extent (e.g., CH3COO-HT) but their
salts ionize quite considerably. They are stable substances and
difficult to oxidize.

The acids form:

(a) Salts with bases; e.g.,

CH3-COOH + HONa  — C}I; CO(?’t\t + H20
(b) Esters with alcohols; e.g.,

H—COOH + HOC.Hs — HCOOC:Hs + H.O

Ethyl formate
(¢) Acyl halides with PCl5; e.g.,
C.H;COOH + PCl; — CoH5COCI 4+ POCI; 4+ HCI

Propionic acid Propionyl chloride

(d) Halogen substitution products (where halogen sub-
stitutes in the alkyl group); c.g

By

CH;COOH + Cl; — CH.-COOH + HCI
|
Cl

Chloroacetic acid
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NorMmarL Farry Acips *

Name Formula
Formicacid................... H.COOH
Aceticacid. . ................. CH;-COOH
Propionic acid. .. ............. C,H;-COOH
Butyricacid. ................. C,;H;-COOH
Valericacid................... C,H,-COOH
Caproicacid, ................. C;H;,; - COOH
Heptoicacid.................. CsHy;- COOH
Caprylicacid. . ............... C:H,;;- COOH
Nonylicacid.................. CsH,;-COOH
Capricaecid. .....ooovuiuennen.. CyH,9-COOH
Undecylicacid. ............... CyHs, -COOH
Lauric amd ................... CuCzs -COOH

71 Palmitic acid. . . .............. C15Hs-COOH
y Margaric acid................. C1H3;- COOH
/T"Stearic acid. .................. CizH;5- COOH
Arachidic acid. .. ............. CyoH;e-COOH
Melissic acid.................. CyeHjze- COOH

* For source of these acids, see chapter on fats (p. 100).

Formic Acid, H—COOH (also known as methanoic acid) is a
colorless liquid, with an odor resembling sulfur dioxide. It is the
strongest acid of this series. It occurs in bees, ants, nettles and
pine needles. (The “ stinging ” by bees is due to penetration of
formic acid under the skin.)

Formie acid is manufactured by heating sodium hydroxide to
150°-170° with carbon monoxide under 6-7 atmospheres of pres-
sure:

CO 4+ NaOH — H-COONa
Sodium formate

In the laboratory, it is prepared by heating oxalic acid with
glycerol. The reactions involved are somewhat complex, but the
essential feature may be represented thus:

COOH — HCOOH + CO:
COO| H
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When formic acid is heated with sulfuric acid, we get carbon
monoxide and water;

HCOOH — CO + H-0

(CO cannot be regarded as the anhydride of HCOOH since CO
mixed with water does not give formic acid.)

Formic acid is a reducing agent. This may be explained on the
theory that it contains an aldehyde (CHO) as well as an acid
(COOH) group: ’

H— | C=0

OH

Formic acid is used in the manufacture of dyestuffs, in dyeing
and finishing of textiles, in tanning, ete.

Acetic Acid.—CHj;-COOH (ethanoic acid), occurs in fruits

¥ and oils in the form of esters. The common form, known as vine-
gar, is produced by the fermentation of fruit juices (such as the
apple), which contain sugar. The sugar is first converted to alco-
hol (due to the presence of the enzyme, zymase), giving us cider,
and the latter is oxidized to acetic acid by oxidizing bacteria pres-
ent in the juice. For large scale production, dilute (6-9 per cent)
alcoholic liquor (product of fermentation) is allowed to trickle over
beechwood shavings, which are impregnated with “ Bacterium
aceti,” or mother of vinegar. Air is admitted on the side of the
vats to oxidize the CoHs0H into CH3-COOH. The tempera-.
ture is kept at about 35°. After the conversion of the alcohol to
acetic acid, the product is sold as vinegar.

Vinegar contains from about 3-6 per cent of acetic acid, but
also contains other acids (derived from fruit), esters, albuminous
matter, ete. Stronger concentration of the acid is obtained from
“ pyroligneous acid,” which contains acetic acid (4-10 per cent),
this being separated from the other constituents of pyroligneous
acid by conversion into caleium acetate, (CH3COO)2Ca and the
subsequent liberation of the acid by the addition of sulfuric acid.

Glacial acetic acid is practically 100 per cent acetic acid, and,
as its name implies, resembles ice when frozen.

Acetic acid 1s used as a solvent and to prepare acetates. It
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is also employed in the manufacture of dyes, drugs (like acetanilide,
p. 225) and white lead. The chart facing p. 84 shows the exten-
sive uses of acetic acid.
Propionic Acid.—C.H;5-COOH, is present in small amounts in
pyroligneous acid. ;
Butyric Acid.—CH;-CH.-CH,-COOH, occurs in two forms:
as the normal (the formula for which has just been given), and the
CHax ml : .
is0, /CH~COOH. The normal variety is present in rancid
CHs
butter, muscle, sweat, cheese, feces, ete. It has a disagreeable
odor. (Calcium n-butyrate is one of the few substances more

soluble in cold than in hot water.)
CH;
Isovaleric Acid, . >CH-CH2-COOH, occurs in angelica
s

and valerian roots.
. Palmitic Acid, C,5Hs; - COOH, and stearic acid, Ci7H35- COOH
are widely distributed, accompanied by oleic acid, C1;Hz3- COOH,
in most animal and vegetable oils and fats, as the glyceryl esters.
(See Chapter X.) From these esters the acids are obtained
by hydrolysis; e.g.,

03H5(000'015H31)3+ 3HOH — 3C15H31 -COOH I C3H5(OH)3

Palmitin (Superheated Palmitic aecid Glycerol
steam + HaSOy)

The stearin candles of commerce consist of a mixture of
palmitic with excess of stearic acid, and some paraffin added to
prevent crystallization and brittleness.

UNSATURATED MONOBASIC ACIDS

Acrylic Acid, CH,=CH-COOH (also called propenoic acid)
shows characteristic properties due to its double bond and to its
carboxyl group.

Crotonic Acid, CHs—CH=CH - COOH, derives its name from
croton oil.

.-Oleic Acid, CH3(CH,),CH=CH (CH»);COOH, (C;7H33-COOH)
is present as the glyceryl ester in fats and oils (p. 99), and is
usually found associated with palmitic and stearic acids. Oleic
acid is a liquid and on a large scale it is separated from the solid
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palmitic and stearic acids by squeezing it out under hydraulic
pressure. Commercial oleic acid is known as “ Red oil 7 and is
used for the manufacture of soap, greases, etc. It is an unsat-
urated acid, having its double bond between the ninth and tenth
carbon atoms. With hydrogen, it is converted into the saturated
stearic acid.

Linoleic Acid, C17H3;COOH, contains two double bonds. It is
present in the form of a glyceryl ester in linseed oil and other
drying oils.

Disasic Acips, CuH2,(COOH)

These compounds contain two carboxyl groups. (They are
analogous to H2SO4, which contains two replaceable hydrogens.)
They are capable of forming two series of salts, viz., acid and nor-
mal, and likewise two series of amides, esters, chlorides, etc. The
general type reactions are analogous to those given for monobasic
acids.

Oxalic Acid, COOH, is present, in the form of salts (potassium,

COOH

caleium, ete.) in some plants (oxalis variety). Rhubarb is rich in
it. The urine often contains small quantities of caleium oxalate.

Preparation.—Sugars, cellulose and starch, when oxidized with
nitric acid, yield oxalic acid. The commercial method is to heat
sawdust with NaOH at 240°, which yields sodium oxalate. A still
more recent method is to heat sodium formate (obtained from
carbon monoxide and sodium hydroxide, p. 83) to 400°;

— | + H:

ﬁ‘(‘OONa COONa
H| COONa  COONa

Another method of preparation will be referred to because it is
based on a reaction already discussed.
When eyanogen is hydrolyzed, we get oxalic acid:

CN COONH;s; COOH
| 4 -“I-_)() —> ‘ = i + QNII;
CN COONH;, COOH
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When oxalic acid is heated with sulfurie acid, we get carbon
monoxide, carbon dioxide and H2O:

COOH
] — CO2 + CO + H-20
COOH

(The student will remember the reaction as a laboratory
method for the preparation of CO. The COg is removed by pass-
ing the mixture of gases through alkali.)

Oxalic acid is a highly poisonous substance (perhaps by liber-
ating CO in the system). It is used in analytical chemistry, in
the manufacture of dyes, bleaching, metal polishes, tanning, ete.
Oxalic acid is the strongest organic acid.

COOH
/

\coon
malic acid (the acid present in apples, p. 125). Its synthesis is
accomplished as follows:

‘Malonic Acid, CH, , was first obtained by oxidizing

Cly KCN
CHs-COOH —— CH,-COOH ——— CH,-COOH
| |
Cl CN

Cyanoacetic acid
Hydrolysis /COOH
COOH

When heated, malonic acid is first converted into acetic acid
by the loss of C'Os:

_coon
CH, — CH;-COOH -+ CO,
OO

and this proves malonic acid to be a dicarboxylic acid derivative
of methane.
Succinic Acid, CH,- COOH, occurs in amber, fossil wood and

CH.-COOH
in the urine of animals. Tt is produced in processes involving
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fermentation and may be obtained by distilling amber. Its
synthesis may be accomplished thus:

CI: Bre CH:Br 2KCN CH.CN Hydrolysis CH2COOH
= = =
CH. CH:Br CH:CN CH2COOH

Ethylene cyanide

When the acid is heated, it loses a molecule of water and is
converted to its anhydride:

0
CH,-COOH CH2~C<
l — ] /O + H>0
CHs-COOH  CHo—C
N\o

Suceinic anhydride

UNSATURATED DiBASIC AcCIDS

Two compounds with the formula CoHz(COOH)2 are known,
one being maleic acid and the other fumaric acid.

Fumaric acid occurs in various fungi, iceland moss, ete.
Maleic acid is not a natural product. The formulas ascribed to
the two isomers are: :

H—C—COOH H—(ﬁ—COOH
|

H—C—COOH HOOC—C—H

Maleic acid (cis-form) Fumaric acid (trans-form)

This type of isomerism is known as the ‘“ethylene” or

“ geometric type.”! When maleic acid is heated it produces an
anhydride.

. 0
H—C—COOH H—C—Z

I - >o + 0
H—C—Co0M  T—C—c

Fumaric acid does not yield an anhydride, which suggests
that a compound represented by two -COOH groups in juxta-
position has the maleie acid formula.

1Tt is suggested that the instructor show this type of isomerism with the
Kekulé models.







In the first place, they are used in the preparation of various
organic compounds (see below); then again a number of them are
i the source of certain elements which the body needs; and finally a
i group of them belong to the household substances which go under
| the common name of “ soap.”
8 In inorganic chemistry, a salt may be looked upon as an acid in
which the acid hydrogen is replaced by a metal; e.g.,

HCl N&CI HQSO.L NaHSOL NZwSO;

| Acid Salt Acid Acid salt Neutral salt

’" CHAPTER IX

I SALTS AND ESTERS OF INORGANIC AND ORGANIC
“' ACIDS

l SALTS

t

j SALTs of organic acids are important for a number of reasons.
|

f

|

l

In a similar way, when the acid hydrogen of an organic acid
is replaced by a metal, we get a salt:

‘ R-COOH R-COOM *
| Acid Salt
TFor example: CH3COONa (sodium acetate), (H-COO)2Cu
(copper formate), C7Hss- COONa (sodium oleate), ete.

| The naming of these salts is analogous to the naming of inor-
l ganic salts:
' H2S0, — NasSO0y4, sodium sulfate
’ CH3COOH — CH3-COOK, potassium acetate
| COOH COONa,
’ | — | sodium oxalate
COOH COONa
CH.-COOH CH2COO
\ — >( ‘d, cadmium succinate
CH,.-COOH  CH.COO

* M =metal.
90
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General Methods of Preparation.—1. The action of an acid

on a base; e.g.,
CH;-COOH + NaOH — CH3z-COONa -+ H.O

2. The action of an acid on an oxide, or a carbonate; e.g.,
2CH;3-COOH + CaCOs — (CH3-CO00)2Ca + CO2 + H20

General Properties.—They are usually crystalline substances
and often contain water of crystallization. Some, when heated
with soda lime, yield hydrocarbons; e.g.,

CoH5-|COONa + NanH — CoH;H + Na»COs

Ethane

Sodium propionate

others yield aldehydes;
CH,/COONa ——» CHj3CHO +Na,COs

+
H-CO|ONa

and still others, ketones;

CH{C00

Ch - ——== ClELuCO(C8l, 5= Callly

CH,CO0l0

The free acid may be liberated from these salts by the addition

of a stronger acid; e.g.,
CH3-COONa + H.S04, — CH3COOH 4 NaHSO,

The ammonium salts, when heated, are first converted to the
acid amides and then to the cyanides (the reverse process of
converting a cyanide into the acid being one of hydrolysis); e.g.,

—H-.0 —H-0
CH;-COONHy ——— CH;3-CONH; ——— CH3-CN
11,0

+H,0
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Very many salts are known. The names and composition of
only a few of these will be given:

H-COONa COO

Sodium formate l Cu

COO

Copper oxalate

CH3- COO\ COOLi
/Mn |
CH3-COO COOH
Manganese acetate Lithium hydrogen (acid) oxalate
/COO
CH >Pb CH3- CH;- COONH,
COO Ammonium propionate

Lead malonate

CHj;-CH:-CH,- COOK C17H35COONa,
Potassium butyrate Sodium stearate
CH3-COO

>Pb'3H20 is ““sugar of lead ”’; the “ basic lead
CH;-COO
acetate,” used to purify sugar and many biological substances, is

OH
Pb<

00C-CHjs
bination of copper hydroxide and copper acetate, Cu(OH):-
(CH3CO00)2Cu; “ Paris green,” the insecticide, is a combination
of copper arsenite and copper acetate, (CH3COO)2Cu-Cu3As2Og;
iron, aluminum and chromium acetates are used as mordants in
dyeing and calico printing.

Soaps.—The sodium or potassium salts of some of the higher
acids (obtained from fats and vegetable oils), such as palmitic,
Ci15H3:-COOH; stearie, C;7H35COOH; and oleie, Ci7H33COOH,
are known as soaps. Without going into the details of manufac-
ture of these soaps, it may be pointed out that the principle
involved is the conversion of the fat into soap and glycerol by
boiling with alkali, and the separation of the soap from the glycerol
by a process known as ““ salting out,” which means that salt (NaCl)
is added to the mixture, whereby the soap comes to the surface
and is then ladled off. The reaction may be represented thus:

5 ““verdigris,” or ‘green pigment,” is a com-
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C')HZ—UOC-Clngl NalOH CH.OH
CH —OOC-CmHgl + NajOH — CHOH + 3Cl5H31COON€L

l Sodium palmitate (a soap)
CH>—|00C-C,5H3; NaOH CH.OH

Glyceryl palmitate Glycerol
or palmitin (a fat)

The solid soaps are sodium salts while the soft soaps are
potassium salts. Soaps added to “ hard 7 water (containing cal-
clum or magnesium salts in solution) have their sodium atom
replaced by either calcium or magnesium, thereby forming soaps
insoluble in water:
2C17H35 0 COONa—I—Ca(H003)2—->(Cl7H35 ° COO)QCa+2NaHC03

Sodium stearate Calcium stearate
This explains the ‘curds” formed when soap is used in hard
water.

(““ Lead plaster ” is a lead soap made from lead oxide or lead
acctate, which has been boiled with fat and water. Lead, man-
gancse or cobalt soaps are used as ‘ dryers ” in paints, to hasten
the process of drying. Calcium soaps are used for lubricating
greases. Zinc stearate finds extensive use in toilet powders. The
“medicated "’ soaps contain one or more of such substances as
carbolic acid, salicylic acid, sulfur, cresol, resorcinol, etc. Per-
fume and coloring materials are often added to soaps.)

EsTERS

An ester is either an inorganic or organic acid in which the acid
hydrogen has been replaced by an R group (or a salt in which the
metal is replaced by an R group):

HCI, acid R, ester
H5S0y4, acid RHSOy, acid ester
R2§r04 ester
HONOs, acid RONOa, ester
HONO, acid RONO, ester
CH3-COOH, acid CH3-COOR, ester
COOH, COOR COOR
acid ‘ ester or | acid ester

I
COOH, COOR, COOH,
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Esters are widely distributed in nature, and are respon-
sible for the characteristic odors of many fruits, lavors and flowers.
They have very agreeable odors and are used as flavoring materials
and in perfumes. Since they are volatile, the esters are also called
‘““ethereal salts.” They ionize to a very slight extent and are
usually insoluble in water.

General Methods of Preparation.—1. By the interaction of an
alcohol and an acid; e.g.,

C2H5I — CoHsI 4+ H20

C.HsOH + EOOC-CHg — CH3-COOC:Hs + H20

Ethyl acetate

C2H5/0H 4+ HHSO, — CH;HSO4 + H.0

Ethyl hydrogen sulfate

C2H5OH 4+ HONO — C2H;0NO + H.0
s Ethy nitrite
2. By the interaction of a salt of an acid with an organic
halide; e.g.,
CH3COOCgH7 — CHj3-COOCsH; + Agl

Propy! acetate

3. The action of an acyl halide on an alcoholate; e.g.,

C:Hs0|Na + C1|OC-CH3 — CH;-COOC:H; + NaCl

Acetyl chloride

General Properties.—The esters are neutral substances, insol-
uble in water. Though the salts ionize quite readily, the esters
do not. Upon boiling with dilute acid or alkali, hydrolysis takes
place, the process being known as saponification (a process em-
ployed in making soap); e.g.,

CHs-COOC:Hs + HOH — CH3COOH 4 C:HsOH

Ammonia converts them to the corresponding amide; e.g.,
CH;-CO|OC3H7 4+ HINHz — CH;-CONH,; + C3H;OH

Acetamide
Esters of Inorganic Acids.—(The alkyl halides discussed in
Chap. IV (p. 43) are esters of hydriodic, hydrobromic and hydro-
chloric acids. They will not be discussed again in this section.)
Ethyl nitrite, CoH;-ONO, has an apple-like odor. Its alco-
holic solution is the “ sweet spirit of nitre.” Isoamyl nitrite,
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C3Hi -ONO, is used in medicine as an antispasmodic and ano-
dyne.
Ethyl nitrate, C2H50NO2, has a fruity odor. It is explosive.
Dimethyl sulfate, (CH3)2S04, may be prepared thus:

CH3OH + HHSO4 i CH3HSO4 + Hzo
2CH3;HSO4 heated — (CHgz)2S04 -+ H2SO4

It finds use as a methylating agent (to introduce methyl groups
into compounds).

Ethyl sulfuric acid, CoHsHSO, (also called ethyl hydrogen
sulfate), may be prepared by the action of cone. sulfuric acid on
ethyl aleohol at 100°:

CQHsOH + H2804 4 Csz,:HSOl + HQO

It may be recalled at this point that when cthyl hydrogen sulfate
is heated to about 170° we get ethylene (p. 42) and when treated
with alcohol it yields ether (p. 65).

Diethyl sulfate, (CoH 5)2504, is used as an ethylating agent. It
has a peppermint-like odor.

Glyceryl trinitrate, commonly, but erroneously, called nitro-
glycerine, is prepared by the action of nitric acid on glycerine
(H2S04 is used as dehydrating agent):

(IszOH HONO. CIH2—0N02
C|HOH + HONOs; — CH—ONO. + 3H30
CH;OH HONO- CH2—ONO;

It is used in medicine as a circulatory depressant and is the active
constituent of dynamite (see p. 62).
Glyceryl phosphate (ortho) is prepared in a similar manner:

CH,|OH HIO
CHlOH -+ H0— P = 0 — C3H;PO4 + 3H:0

I Glyceryl orthophosphate

CH,\OH Hlo -~

' The C3H; group, if trivalent, is known as the glyceryl group; if C;Hg
is monovalent, it is known as the allyl group.
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(RCN may be regarded as an ester of HCN. This type of
compound will be treated later—(p. 155.)

Esters of Organit Acids.—When an inorganic acid and an
alkali react, a salt is immediately formed; when, however, an
organic acid and an alcohol (in some respects the analogue of the
alkali) react, the ester is formed, but slowly:

CH3COO|H + HO |[C:H; < CH3COOC:H; + H-0

When equimolecular quantities are used, only 66 per cent of the
ester is produced. An increase of temperature increases the
velocity of the reaction, but not the yield of ester. The latter
may be increased by the addition of a catalyst, or a dehydrating
agent, such as HoSO4 or HCI gas.

Saponification to which we have alluded (p. 94) is hydrolysis,
and esterification is the reverse of this:

Esterification
(strong acids)
R:COOH + HOR/’ R-COOR’ 4 H-0
Saponification
(weak acids or bases)

Many of these esters are known. They are used extensively in
artificial fruit essences, flavors, perfumes, extracts, etec. Very
many soft drinks on the market are artificially colored and fla-
vored. Synthetic esters are used to flavor them and a number of
coal-tar dyes to color them. Only a few can be mentioned here.

Ethyl acetate, CH;- COOC.Hs3, is used as a solvent for nitro-
cellulose, in the preparation of photographic films, and in resins
and essences.

Isoamyl acetate, CH3-COOC;H,, is found in pear oil and is
used as a solvent for gun-cotton and in the preparation of banana
oil or “ bronzing "’ liquid.

- Ethyl butyrate, C3H7;-COOC:Hs5, is a constituent of pine-
apples.

Isoamyl isovalerate, CyHy- COOC;H,, is found in apples.

Octyl acetate, CH3- COOCgH 17, oceurs in oranges.

Ethyl formate, H-COOC2H3, is a constituent of artificial rum.

Amyl butyrate, C;H;- COOC3Hy;, has an apricot flavor.
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Myricyl palmitate, C;;Hz,- COOC30Hg;, is present in beeswax.
The esters of dibasic acids are also well known; e.g.,

COOC:H; COOCH;3 /COOCsz
COOC2H35 COOH COOC.Hj
Ethyl oxalate Methyl acid oxalate Ethyl malonate (malonic ester)

Uses of Malonic Ester.—Malonic ester can be used to synthe-
size homologues of malonic and acetic acids.

When malonic ester is treated with sodium or sodium aleoholate,
the following reaction takes place:

/COOCZH;’, /COOCgH;,
CH + NaOC;H; — CH

“\COOC:Hs | \COOC:Hs;
Na

Sodium malonic ester

+ C2H;0H

If an alkyl halide is now added; e.g.,

COOC:H; CO0C:H;
N\COOC;H; | \CooC.Hs (1)
Na, CQH;—,

Ethyl malonic ester

a derivative of malonic ester is obtained.
A second alkyl group (the same or a different one) may be
introduced by repeating the above operation; e.g.,

CH;
COOC:H5 COOC:Hj; | COOC:Hs
o1 = L [xa ¥ 1]CH; — c<
| \COOC,H; | NCOOC,IT; | \COOC:Hs; (2)
CoHs CaoH; CoHj
Sodium ethyl malonic ester Ethyl methyl malonic ester

On hydrolysis with sodium hydroxide and subsequent acidifi-
cation the following acids are formed:

CH,
COOH | COOH

1 - cZn @ -
| \COOH | \CooH

CoH, CeHs

Ethyl malonic acid Ethyl methyl malonic acid







CHAPTER X
FATS AND OILS, WAXES AND LIPOIDS

Fats axp OiLs

Tuesk are glyceryl esters of fatty acids (usually of high molecu-
lar weight). An example of one of these substances is glyceryl
palmitate (tripalmitin).

(!JH3~OOC -Ci15Hs,
CIH —OO0C-C,5Hs;
CH-.—0O0C-C;;Hz3;

The glyceryl esters of stearic (Ci7Hs5COOH), palmitic and
oleic (C;7H33COOH) acids constitute the main bulk of the fats
and oils in food and of body fat.

If the three acid radicals in a fat or oil are the same, it is known
as a simple glyceride, e.g., tripalmitin. A fat containing radicals
of two or three different fatty acids is known as a mixed glyceride,
e.g.,

CH>—O00C- Cy7Hss

|
CH —00C- Cy5Hs;

I
CHa—00C - CsHy

Butyropalmitostearin

There is no essential chemical difference between fats and
vegetable oils. Stearin, C3H5(00C-Cy;Hss)s, and palmitin,
C3H5(OOC(‘15H31)3 are S()lidS, while olein, C,5H5(OOC C17H33)3
is a liquid. The consistency of a fat or oil depends on the amount
of solid or liquid esters present. The fats are solid at the ordinary
temperatures, whereas the oils are liquid.

99
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FATS AND OILS, WAXES AND LIPOIDS

ImprorTANT FATS AND OILS

Fat or Oil

Contains the Glyceryl Ester of

Source of Fat or Oil

Almond oil

Oleic, palmitic, linoleic acids, ete.

Bitter or sweet almonds

Butterfat

Butyric, caproic, ecapric, palmitic,
stearic, oleic acids, etc.

Cow’s milk

Cacao butter

Palmitic, oleic, stearic, myristic
acids, etc.

Seeds of cocoa nibs

Castor oil

Ricinoleic, stearic, oleic acids, etc.

Seeds of castor beans

Cocoanut oil

Caproic, caprylic, capric, lauric
acids, ete.

Seeds of “cocos nucifers,”
kernel of nuts

Codliver oil

Oleic, myristie, palmitic, stearic
acids and cholesterin, etc.

Livers of cod fish

Cottonseed oil

Oleic, stearie, palmitic, linoleic acids,
ete.

Seeds of the eotton-plant

Hemp oil

Isolinolenie, oleic acids, etc.

Seeds of hemp

Human fat

Stearic, palmitic, oleic, butyric,
caproic acids, ete.

Human beings

Lard

Stearic, palmitic, oleie, linoleic acids,
ete.

Body fat of swine

Linseed oil

Linoleic, linolenic, oleic, palmitic,
myristic acids, ete.

Seeds of flax

Maize oil

Arachidic, stearic, palmitic, oleic

acids, ete.

Seed germs of corn oil

Menhaden oil

Palmitic, myristic, oleic, stearic, and

other unsaturated acids, ete.

Bodies of menhaden fish

Mustard oil

Errucic, arachidie, stearic, oleic acids,

ete.

Seeds of mustard

Neatsfoot oil |

Palmitic, stearic, oleie acids, ete.

Hoofs of cattle

Olive oil

Linoleic, oleie, arachidic acids, ete.

Fruit of olive tree




FATS AND OILS 101

IMpoRTANT FaTS AND O1Ls—Continued

Fat or Oil Contains the Glyeceryl Ester of Source of Fat or Oil
|
Palm oil { Palmitic, lauric, oleic acids, ete. Palm seed
Peanut oil | Arachidie, linoleie, hypogoeic, pal-| Peanuts

mitic acids, ete.

Poppy oil Linoleic, isolinolenic, palmitie, stear-| Poppy seeds
ic acids, ete.

Rape oil Erucic, arachidic, stearic acids, ete. | Rape seeds
Sperm oil Oleic, palmitic acids, waxes, ete. Head and blubber of

sperm whale

Tallow Stearie, palmitie, oleic acids, ete. Fat of ox or sheep

Whale oil Linoleie, isolinolenic acids, ete. Blubber of whales

Oleomargarine consists mainly of refined lard, ““ oleo oil ” (the
soft part of beef fat) and cottonseed oil, often mixed with a small
amount of butter and churned with milk or cream.

Hydrogenation of Oils.—Liquid fatty oils can be converted to
fatty bodies of almost any desired degree of consistency by means
of hydrogenation. The unsaturated liquid oils unite directly
with hydrogen in presence of catalysts (nickel being used on com-
mercial scale) to form saturated bodies.

C3H5(00C-Cy7Hss)s + 3Hs — C3H5(00C-Ci7Hss)s

Olein (liquid) . Stearin (solid)

Stearin has greater commercial value than olein. The ¢ hardened
fats ”” now find extensive use in the preparation of lard substitutes,
in the manufacture of soap, ete. ‘ Hardened ” cottonseed oil,
peanut oil and other edible oils have largely replaced lard com-
pounds. “ Crisco,” ““ vegetol,” are examples of ‘“ hardened ” (or
hydrogenated) vegetable oils.

“Intarvin 7 (Glyceryl margarate (Ci;sHss-COO)3CsHs), has
recently been introduced by Kahn in the treatment of diabetes.
In this disease, it has been found that the naturally-occurring fats
and oils, containing an even number of carbon atoms in the acid
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radicals, give rise to ‘“acetone bodies” (B-hydroxybutyric acid,
acetoacetic acid and acetone) which poison the system, whereas
“Intarvin,” which contains an odd number of carbon atoms in the
acid radicals, does not.

Crude fats and oils range from yellow to red in color. The re-
fined products are generally yellow to colorless. Sometimes veg-
etable oils are green, due to the presence of chlorophyll (the green
coloring matter of plants). Fats and oils are insoluble in water, but
readily soluble in ether, benzene, chloroform, ete. The rancidity of
a fat (as in butter-fat) is mainly due to hydrolysis (bacterial de-
composition, or otherwise) yielding the free fatty acids. Butter in
this way produces butyric acid, which has a disagreeable odor.

Properties.—Fats can be hydrolyzed or saponified. When the
glyceryl esters of stearic, palmitic or oleic acids are saponified with
NaOH or KOH, soaps are formed:

CH;—00C—C,5H3; (szOH
|
CH —00C—C;5H31 + 3NaOH — CHOH + 3C;5H3,—COONa

Sodium palmitate

| |
CH>—00C—C;5H3; CH-OH (a soap)

This is the principle employed in the manufacture of soap.
(The reaction also explains the hydrolysis of fats in the small
intestine by the enzyme (lipase) which is formed in the pancreas.)

A number of methods used for identifying fats are:

1. Saponification value: the number of milligrams of KOH
needed to saponify 1 gram of fat or oil.

2. The iodine number: the percentage of iodine absorbed by the
sample. (The amount of ““ absorption,” or extent of ‘ addition ”
will depend upon the amount of unsaturated glycerides present—
such as in olein, for example.)

3. Specific gravity.

4. Melting point.

5. Index of refraction.

6. Viscosity and other physical constants.

(As has been stated, the fats in the body are first hydrolyzed
into fatty acids and glycerol. A little soap is also formed, due to
the alkalinity of the medium. The fatty acids and glycerol are
absorbed as such through the lining of the small intestine, where
they are re-synthesized again into fat, most of which passes into
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the lymphatic system, and finally finds its way into the blood
stream. Some of the fat is oxidized in the cells to CO2 and water,
see the steps in this oxidation, p. 178, but much of it is often
deposited in the adipose tissue, and acts as a reserve fuel.)

The fats and oils, when strongly heated, either alone, or with
a dehydrating agent like KHSO4, develop a penetrating odor, due
to the formation of acrolein. This acrolein is really derived from
the glycerol part of the molecule:

CH,0H — 21,0 ﬁHz
|
CHOH g CH
)N |
CH@OH CHO
Glycerol Acrolein or acrylaldehyde
Waxgs

Waxes, like fats, are esters, but instead of containing the
trihydroxy alcohol, glycerol, they contain high molecular weight
monatomic aleohols, such as cetyl alcohol, C;¢H330H, carnaubyl
alcohol, Co4H49OH, myricyl alcohol, CsoHgOH, ete.

Among vegetable waxes, we have ¢ carnauba wax,” and among
animal waxes, we have wool wax (or “lanolin ”’), beeswax, sper-
maceti, Chinese insect wax, ete.

Waxes (like fats) are soluble in ether, benzene, chloroform, car-
bon tetrachloride, ete. Since they do not contain glyceryl radical,
they do not yield acrolein when heated. The waxes do not
become rancid like fats and are less easily hydrolyzed.

Carnauba wax is derived from a species of palm; it is used in
varnish, for candle making and for adulterating beeswax. ILanolin,
obtained from wool grease, is used in pharmacy as a basis for salves,
ointments and emulsions. Beeswax is derived from the honey-
comb of bees and is used in candle making, in pharmacy, ete. Sper-
maceti, found in the head of the sperm whale, finds uses in candle
making, in pharmacy and in confectionery. Chinese wax, secreted
by an insect, is also used in candle making, in medicine and as a
furniture polish, cte,
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Liroins

These are a group of substances, soluble in ether and the usual
fat solvents, which are found in abundance in animal tissues, par-
ticularly in the brain, We know little at present about their
physiological significance. They may be classified as follows:

1. Containing nitrogen and phosphorus (phosphatids); e.g.,
lecithin and cephalin (N : P as 1 :1), and sphingomyelin (here
N:Pas2:1).

2. Containing nitrogen: e.g., phrenosin and cerasin (the so-
called “ cerebrins ”” or ‘“ cerebrosides ”’).

3. Nitrogen and phosphorus are absent; e.g., cholesterol.

Lecithin is a combination of glycerol, fatty acid, phosphoric
acid and choline, and its structure may be represented as:

CH,—OOC:-R
(IEH —O00C-R/
tr—o
HO—1—0
/C2H4—(|)
Nt\gﬁiak

(R and R’ represent groups present in acids. As in fats, R
and R’ may be the same or different.)

C-H,OH
Choline, N\%gz
on ©Hs

or trimethyl-g-hydroxyethyl ammonium hydroxide, is closely
related to muscarine—the aldehyde hydrate of choline—
CHj OH
ANV oH
CHy” N\CHp—C md
O




LIPOIDS 105

which is the poisonous constituent of the deadly toad-stool, and
to betaine—the acid anhydride—

CHin_
CHL >( 0
CHg/ \CH

a non-toxic plant product. In a crude form, lecithin may be
obtained by extracting egg yolk with ether and plempltatlng with
acetone.

Cephalin is similar to lecithin in that it contains glycerol,
fatty acids and phosphoric acid, but in the place of the base
choline, it contains aminoethyl alecohol, CHs- CH2OH. Its con-

|
NHo
stitution may be represented as CHs-OOC-R

|
CH-0O0C-R/
r‘ /°
CH>O—P—0—CHs-CH>-NH,
/
OH

Unlike lecithin, eephalin is insoluble in aleohol. (Cephalin is
sometimes written ¢ kephalin.”)

Sphingomyelin is a complex combination of phosphoric acid,
choline, a base, sphingosine, C17H32(OH)NHs, and an acid, hgno-
ceric acid, CZ,)H@ COGH.

Phrenosin is a combination of cercbronic acid (the hydroxy acid
of lignoceric), galactose and sphingosine.

Cerasin, like phrenosin, yields when hydrolyzed, galactose
and sphingosine, but in the place of cerebronic acid gives lignoceric
acid.

Cholesterol, CosHy30H or CorHy3;OH, is an unsaturated sec-
ondary aleohol and a member of the terpene series, though its
exact structure is not yet known. It is widely distributed in
animal tissues, particularly in egg yolk and nervous tissue. (An
isomer, phytosterol, is found in the vegetable kingdom.) ¢ Lan-
olin,” the fatty matter obtained from sheep’s wool, is an ester of
cholesterol. This alcohol is also present in bile and in blood.
The determination of the amount of cholesterol in the blood is
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often of chemical significance, since in gall stones, pregnancy,
nephritis, diabetes, ete., the quantity may be in excess: of the
normal value. [
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CHAPTER XI

ACID ANHYDRIDES, ACYL HALIDES AND ACID AMIDES

: _ Y.

THE type formula for an acid anhydride is R——C\
0]

r—c(
No

: 9
The type formula for an acyl halide is R—C\

<

el 20
The type formula for an acid amide is R—C\
NH:

AcipD ANHYDRIDES

Acid anhydrides are similar in many respects to Inorganic
acid anhydrides. Sulfur trioxide, for example, is the acid
anhydride of sulfuric acid, for SO3 + H20 — HoSO4. Simi-
larly, acetic (acid) anhydride is the anhydride of acetic acid, for

¢0
CH3'C N 40
0 CHg'C
N +H,0
-H,O—— 0] = 2CH; COOH
/
/ CH& 'C %O
CHg'C Acetic anhydride
S0

(An anhydride may be looked upon as an aeyl oxide.)
107
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General Methods of Preparation.—1. By heating an acyl
halide and the salt of an acid, e.g.,

0
CHsCO [CI + Na ((f)OSCHg - CHg-C<O + NaCl

.l
CHs C\O

2. By the action of a dehydrating agent (such as P20s5) on the
acid. Acetic anhydride may in this way be prepared from glacial
acetic acid. However, the yield is poor.

Acetic anhydride is the most important member of the series
and the general properties of these anhydrides can be illustrated
by summarizing the properties of acetic anhydride. (Formic
anhydride is not known.)

It has already been mentioned that acetic anhydride reacts
with water to form acetic acid. With alcohol, a mixture of acid
and ester is formed:

CH3CO
N0 + H|OCsHs — CH;COOH 4+ CHs-COOC:Hs

CII3(‘O/ Ethyl acetate

With propionic acid, a mixed anhydride is obtained:

CzH5-CO\
(CH3C0O)2:0 + CoH;COOH — 0 + CH3COOH

CH;CO 7~
With ammonia, the corresponding amide is formed:

| CH:;CO\
| >0 4+ H|NH, — CH3CONH: 4 CIH3COOH
()}13(10/ Acetamide

Chlorine and bromine yield substituted anhydrides; e.g.,
CH:Cl- CO\O

/

CH;-CO 7

(Chloroacetic anhydride)

Acetic anhydride is a liquid with a pungent, suffocating odor.
It finds extensive use as a means of introducing the CHzCO (acetyl)
group into compounds.
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Succinic anhydride may be obtained by heating succinic acid:
CH.COOH CH CO
| - >0 + H.0
CH.COOH (,H 2CO

Similarly maleic anhydride may be obtained from maleic acid:

CH-COOH CH Co
T . >o + 110
it coorr ~ dur.co

The properties of these compounds are analogous to acctic
anhydride

Acyr HALIDES

2V
Acyl Halides, R—C\ , may be regarded as acids in which
X

the OH of the COOH group is replaced by a halogen:
R-COOH — R-COCI

(The acyl chloride compounds are common, but few of the
corresponding iodide and bromide compounds are known, and
they are used only infrequently.)

/O.
Nomenclature.—The group R—C\ 1s known as the “ acyl”’
group.

29
The group CHz;—C is known as the “ acetyl ”” group.
AN

s :
The group CQH;,—C\ is known as the ‘‘ propionyl ”’ group.

Therefore, in naming the acyl halide, we need merely change
the ic (last two letters) of the acid to yl.

(Formyl chloride is not known. When the attempt is made
to prepare it, it breaks down into CO and HCI:

H-COCl — CO + HCI)

Acetyl chloride finds extensive us¢ in organic syntheses and
its preparation and properties will, therefore, be considered.
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Preparation.—1. By the action of phosphorus pentachloride,
phosphorus trichloride, or phosphorus oxychloride en acetic acid,
or sodium acetate: -

CH3COOH <+ PCl; — CH3COCI + POCIl; + HCI
3CH;COOH + PCl3 — 3CH3COCl + P(OH)s

2. The commercial method of obtaining the chloride is to heat

sodium acetate and to pass sulfur dioxide and chlorine over it.
The sulfur dioxide and chlorine combine to form sulfuryl chloride:

SO; + Cls —— SO.Cl;
which then reacts with the sodium acetate:
20H3COON& + SOzClz —_— QCH:;COCI —[— NazSO4

Properties.—Acetyl chloride is used extensively to introduce
0 : : :
the CHg—C\ (acetyl) group into organic compounds. It is a

very reactive substance. The moisture of the atmosphere very
readily converts it to acetic acid:

CH;CO[Cl + H'OH — CH3COOH + HCI

Acetyl chloride reacts with sodium acetate to form acetic
anhydride:

CH3CO|[Cl 4+ Na|OOCCH; — (CH3CO):0 4+ NaCl
and with ethyl alcohol to form an ester:
CH;CO|[Cl 4+ H|0OC:H5; — CH3-COOC2H; + HCI
£ [: we féthyl acetate
and with ammonia to form an amide:

CH3CO|Cl 4+ H|NH; — CH3;CONH: + ICI

Acetamide

OH
If the OH grouvs in carbonic acid, C&=0 are replaced by Cl,

NOH
Q1

we get ( '<(> (chloro-formyl chloride), which is commonly known
o
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as phosgene. This substance is a colorless, suffocating gas,
Owing to its poisonous character, the comparative ease with which
it can be liquefied and prepared (by passing chlorine and carbon
monoxide over charcoal), phosgene was used very extensively in
the late war. It was loaded in shells and bombs and exploded
when the shell struck ground. Phosgene is also used in the
manufacture of dyes.
Water decomposes phosgene as follows:

/ H|OoH /OH
\ — CO\ + 2HCI]
H|OH OH
— CO2 4+ H:0 + 2HCI

(The poisonous effects of phosgene are said to be due to the
liberation of a high concentration of HCI gas.)
Ethyl alcohol forms an ester:

/ H OC:H;5 /002H5

— CO -+ 2HCl

\moc Hy  OCH,

Ethyl carbonate
Ammonia transforms phosgene into urea (or carbamide):

/_\H> /NH2

— CO
\[ H|NH, \NHQ

Other acyl halides are:

CocCl /COCI

| CH, ete.
COCI Ncoct
Oxalyl chloride Malonyl chloride,

Acip AMIDES

Acid Amides, R——(“< , may be looked upon as acids in
NH,

which the OH group is replaced by NH.. Or, they may be

regarded as derived from ammonia,~-NHs, in which one of the

hydrogen atoms is replaced by the RCO (acyl) group. The
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—NH. group when attached to an acyl group is known as the
“amido” group. If the —NHz group is attached to an alkyl
group, it is known as. the “ amino ” group.
The nomenclature is based on the names of the corresponding
acids (amides of acids); e.g.,
H-CONHs, formamide
CHgs-CONH:, acctamide
CoHj- CONHe, propionamide
CsH7-CONHz, butyramide, ete.
(With the exception of formamide, which is a liquid, all the
others are solids.)

Preparation and Properties.—(Acetamide will be taken as a
type.) 1. The action of ammonia on acetyl chloride:

CH,CO [Cl 4+ 1| NH: — CH3;CONH: + HCI
2. The partial hydrolysis of methyl cyanide:
CH3;CN 4 H,0 — CH3CONH:
3. The action of ammonia on acetic anhydride:

| CH3C

0
| N0 + H|NH: — CHsCOOH + CHsCONH;
CH;C07

4. The dehydration of ammonium acetate (by heating):

CH3CO [O| NH; |Hz| — CH3CONH: 4+ H20

(The group NHy, or HNHj is basie; so is the compound RNHo.
“he compound RCONTH: is practically neutral, a result due to the
acid properties of RCO and to the basic properties of NHbs.)
Acetamide is transformed into ammonium acetate when boiled
with acids or bases (compare with reaction 4 above):
CH3;CONH:; + H20 — CH3COONHy

and when dehydrated forms methyl cyanide (compare with
reaction 2 above);

( ”‘;(‘(‘)NITQ = II_:O ad ((II;;(‘N

5. CHyCO | OCoHs5 + H | NTs — CH3CONTH. 4+ CoH;O1
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Hofmann’s reaction.—This is a method by which the CO group
can be eliminated from an amide, so that R-CONHz becomes
RNT, (amine). When acetamide is treated with bromine in an
alkaline solution the following reactions take place:

CH3CONII: + DBre — CH3;CONHBr 4+ HBr

Acetbromoamide

CH;;CONI‘IBI‘ + 3:KOH bl CH;NIL) + KBr + cho,g + HQO
Methylamine
i NH;
Urea (carbamide or aminoformamide), CO\
2

, may be

0)51

considered as the diamino derivative of carbonic acid, CO\ .
o

This is a substance of great biological importance, since it is
the chief end product resulting from the changes that proteins
undergo in the body. (The amount of urca in the urine is directly
proportional to the amount of protein present in the food which is

eaten.)
Preparation.—1. By heating ammonium cyanate:

NH,-CNO = CO(NHy):

This method was discovered by Wohler in 1828. The student
will recall that Wohler’s preparation is one of the earliest recorded
instances of the laboratory preparation of an * organic 7’ substance

(p. 1).
2. By the action of ammonia on phosgene:

Cl H|NH;
C()<__ i — CO(NH): + 21ICI
Cl - 11|NH:

3. By the action of ammonia on ethyl carbonate:

OC:H; H|NI

+
Lo_czm H|NH,

Properties.—Urea is easily hydrolyzed, yielding carbon dioxide
and ammonia. These same products are also obtained when the
enzyme urease (found in the soya bean, ete.) is allowed to act on

Co< — CO(NH.): + 2C:H;0H
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urea. (Incidentally, by far the best method for the determination
of urea is based on its reaction with urease.) Nitrous acid liber-
ates nitrogen, ete.:

So does sodium hypobromite:
CO(NH2)2 + 3NaOBr — COz + Nz + 3NaBr + 2H20

(This method was for a long time used to determine urea. The
nitrogen evolved was measured, and from it the amount of urea
in the sample was calculated. The determination at best is only
approximate for the errors involved are high. The method has
been entirely replaced by the urease method.)

Urea combines very readily with nitric and oxalic acids to
form urea nitrate, CO(NHz)s- HNOs, urea oxalate, [CO(NHs)2]s-
(COOH):, respectively. These salts crystallize very readily and
are often used for identifying urea.

When urea is heated, two molecules combine to form a sub-
stance known as biuret:

NH, NI,
e = co”

ool
(:INH } >1\H + NH;
col (¢l0}
\NH, \NH,

Biuret

When a drop of copper sulfate and a few ce.’s of fairly
concentrated alkali are added to biuret, a violet color is formed.
This is known as the ‘“ biuret reaction.” All proteins give the
biuret reaction—a reason for assuming that the protein molecule
has, among other things, a ‘ biuret ”’ configuration.

/NH;» )
Guanidine, HN=C , i1s related to urea. Creatine,
o \NH;

NH,
nN—c(

N—CH,-COOH, or methylguanidino-acetic acid

I
(‘I’I:;
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is a constituent of muscle; and its anhydride, creatinine,
NH
/N

HN=C CO, is a normal constituent of urine.

|
N—CH:
|
CHs
NH;
(A number of derivatives of urea, such as urcthane, C=0 .
\OC:Hj3

(0)
NH—C< /C2H5
or ethyl carbamate, barbital, C=0O /C\

\NH—C CeHs
No

, or diethyl-

O
Ni—c CoHs
malonyl urea, and luminal, C&Z0O >C

T N\
\NH C\O CeHs

, or phenyl

ethyl malonyl urea, are used extensively as hypnotics.)

CONH:
Oxamide, | , is formed as follows:
CONH:

COOH 4. Co[Cl  H|NH., CONH.
PCl;
] —_— — 1

CcooH Co|Cl H|NH, CONHz

D+

CONH:
C‘Hz<

CONHz
CH.-CONH:

is malonamide

is succinamide

l
CH,-CONHo:
When succinamide is heated, we get succinimid, the >NH

group being known as the imido group:

CH.CO | NH: CH.—CO
| o >NH 4+ NH;
CH.CONI |[H  CH;—CO
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The mercuric salt,

CH,—CO /OC—(TIIQ

| ON-Hg N |

CH>—CO OC—CH,
is used in the treatment of syphilis.
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CHAPTER XII
HALOGEN SUBSTITUTED ACIDS AND HYDROXY ACIDS

THESE are acids in which one or more of the hydrogen atoms
in the group, which is attached to the COOH group, is replaced
by X, OH, CN, NH., etc. For example, CH2-COOH, acetic acid,

l

H

gives rise to

CH,-COOH $H :COOH  CH,-COOH (I:H2 -COOH
l . l
Cl OH NH, CN

Chloroacetic acid Hydroxyacetic acid Aminoacetic acid Cyanoacetie acid

HALOGEN SUBSTITUTED AcCIDS

Preparation.—The action of chlorine on acetic acid:

CH3;COOH + Cly — CH:CICOOH + HC(I
CH3;COOH -~ 2Cl; —» CHCLCOOH 4 2HCI

Dichloroacetic acid

CH;COOH + 3Cl, — CCI;COOH + 3HC1

Trichloroacetic acid

(The number of hydrogen atoms replaced by chlorine atoms
depends upon the amount of chlorine used, the temperature and
the time of the reaction. These reactions are carried out in the
presence of sunlight and ¢ carriers "—catalysts—such as iodine
or sulfur.)

Analogous compounds may be formed by substituting bromine
for chlorine, but here the reaction proceeds only under pressure
and at higher temperatures. Todine does not react. (In order
to make such a substance as iodoacetic acid, we allow potassium
iodide to react with chloroacetic acid: CH.Cl-COOH + KI
— CH.I-COOH + KCl.)

117
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Better yields are obtained in the following way:

3CH;-COOH 4+ PBrs — 3CH3;-COBr  + P(OH);
CH3-COBr + Br. — CH.Br-COBr + HBr

Bromoacetyl bromide

CH:Br-COBr + IO — CH:;Br-COOH + HBr

Direct halogenation always replaces the hydrogen attached
to the a-carbon. The nomenclature may be gathered from this
graphic illustration:—CH,—CH,—CH,—CH,—COOH.

) 0% B a

The B-halogenated acids may be obtained in the following

way:
CH,-CH.COOH
CH,=CH-COOH + HBr — |
Acrylic acid Br
B-Bromopropionic acid

(The halogen enters the position as far removed from the COCH
group as possible.)
a- and B-halogenated acids may be prepared thus:

CH.—CHCOOH
Br Br

a, B-Dibromopropionic acid

Halogenated acids may also be prepared from hydroxy-acids:

CH.-CH,COOH CH,—CH-COCI
OH Cl
B-Hydroxypropionic acid B-Chloropropiony! chloride
CH,—CH,COOH
+ 0 > [
(“

B-Chloropropionic acid

Properties.—Some of the properties (such as the formation
of salts, esters, ete.) are due to the presence of a carboxyl group
and some to the radical attached ‘to the carboxyl group. For
example, the greater the number of halogens attached to the
carboxyl group, the stronger the acidity. Trichloroacetic acid,
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CCl;COOH, is a strong acid. The a-halogen acids in the
presence of hot alkali yield the corresponding hydroxy-acids:

CH,COOH CH,COOH
| + HOH — | + HCl
Cl OH

The g-halogen acids yield unsaturated acids when heated with
water or alcoholic KOII; e.g.,

CH;-CH—CH-COOH
— CHjz-CH=CH-COOIL

Cl H Butenoic acid (Crotonic acid)

(In certain cases—where, for example, sodium carbonate is
used—COs is also evolved, so that butenoic acid is converted to
the corresponding unsaturated hydrocarbon, CHs- CH=CHs.)

The y-halogen acids form with water inner anhydrides or
lactones; e.g.,

0,0 |
CH,-CH,-CIH,-COOH —— (lng——CHg—CHg-CO l OH
Cl O|H »
y-Chlorobutyric acid L——'(_—l. CI‘Ig . CH2 . CHz—C=O

|

Butyrolactone

With ammonia, the halogen-substituted acids form amino-
acids:

CH.Cl-COOK+HNH:; — CH.NH,-COOK — CH:NH;- COOH
With potassium cyanide, we get the cyano-acids; e.g.,
CH,Cl-COOK + KCN — CH.CN-COOK — CH.CN-COOH

Very many of these halogen-substituted products are known.
Chloroacetic acid, CHoCl- COOH, is used in the manufacture of
synthetic indigo. The vapors attack the eyes, and they also act
corrosively on the skin. Trichloroacetic acid, CCls-COOH, also
acts corrosively on the skin and is used to remove warts and
other growths. It has recently come into use as a protein pre-
cipitant. When boiled with water we get chloroform:

CCl;-COOH — CHCI3 + COq




120 HALOGEN SUBSTITUTED ACIDS AND HYDROXY ACIDS

Hybproxy Acips

/OH
\0

CH.-COOH
| , hydroxyacetic acid or glycolic acid.

, carbonic acid or hydroxyformic acid

OH
/H
CHg—C—\—COOH a-hydroxypropionie acid or lactic acid.

CH>—COOH

I :
CHOH-COOH
CHOH-COOH

hydroxysuccinic acid or malic acid.

| , dihydroxysucecinic acid or tartarie acid.
CHOH-COOH T

(Isz-COOH
HO——.("J-COOH , citric acid.
CH:-COOH

General Methods of Preparation.—1. Hydrolysis of halogen
acids; e.g.,

L a0 b/
CH3—C&~COOH ——— CH3—C&~COOH

\al NOH
a-Chloropropionic acid a-Hydroxypropionic acid or lactic acid

2. The hydrolysis of the addition product formed when
hydrogen cyanide reacts with an aldehyde; e.g.,

O HCN OH Hydrolysis OH
cng—c\/\H S CH3~C< CHg——C<SOOH

Acetaldehyde hydrogen cyanide Lactic acid

3. The oxidation of a primary alcohol containing a hydroxyl
group; e.g.

/ Oxid.
CHy—CZL_CH-0Il —— CH2--—CH—(‘OOH
OoH OH OH ()U

Glycerol a- B-Dihydroxypropionic acid or glyceric acid
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4. Action of nitrous acid on amino-acids; e.g.,

Z 2
CH;—C<-COOH + HONO — CHs—CZCOOH + N2 + H:0
\NHs \OH

a-Aminopropionic acid

Properties.—As might be expected, these compounds show the
properties both of hydroxy and carboxylic substances. The
chloro-acids are formed with PCl;; c.g.,

C|‘Hz~COOH 4 PCl; — CH.COOH + POCIl3 4 HCI
OH Cl

When the e-hydroxy-acids are heated, two molecules unite with
the elimination of two molecules of water:

(I'JHZ-COO CIJHZ— CcO
|
OH). 0 0
P = 17 |
- HOOC—CH," CO —CH,
Glycolic acid Glycolide

In a similar manner lactic acid is converted to lactide.
When g-hydroxy acids are heated, we get unsaturated acids;
e.g.,
CH:-CH-COOIL
— CH,=CH-COOIL
OH H Acrylic acid or propenoic acid
B-Hydroxypropionic acid

When y-hydroxyacids are heated an inner anhydride (lactone)
is formed; e.g.,
(:‘I{z-—(‘H-_)—C‘}I‘_) o CO ‘; OI‘I CHQ—("HQ—CI’Iz . C=O

O|H 1 0 !

Butyrolactone

This is also true of s-hydroxyacids.

Hydroxyacetic acid, CH.OH-COOH (also known as glycolic
acid) occurs in unripe grapes.

H
a-Hydroxypropionic acid, CH;;-C{(‘;)OH (better known
OH
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as lactic acid), is known in three forms, the dextro and levo
optically active modifications, and the racemic, or inactive form
(which can, however, be resolved into the two optically active
forms).

Optical Activity.—Three forms of lactic acid are known.
These three varieties have the same chemical and physical proper-
ties but behave quite differently towards polarized light. One
turns the plane of polarized light to the right (and is, therefore,
known as dextro, or d-lactic acid); the other turns it to the left
(levo, or [-variety); and the third is inactive (dl). This last is
made up of equal parts of the dextro and levo forms.!

Le Bel and van’t Hoff, quite independently of one another,
discovered that all optically active substances have at least one
carbon in the molecule attached to four different atoms or groups.
For example, in lactic acid: ’

H
|
CH3—(IJ *—COOH
OH

we have a carbon atom marked * which is attached to H, OH, CHj
and COOH. Such a carbon atom is known as an asymmetric car-
bon atom.

Structurally, the d-form of lactic acid is related to the l-form
as an object is to its mirror image:

CH3 CH:;
| l
HO—C—H H—C—0H
l l
“COOH COOH
d-form I-form

! By polarized light we mean light in which all the vibrations lie in one
plane. An ordinary ray of light vibrates in every direction. Polarized light
may be obtained by passing ordinary light through a Nieol prism or tourmaline
plate—as illustrated in the instrument known as the “polarimeter.”” An
optically active substance has the power of rotating this plane of polarized
light, the extent depending, among other things, upon the nature of the
substance. For further details, consult a practical physical chemistry; for
example, Firth—Practical Physical Chemistry.
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Usually, when a compound containing an asymmetric carbon
atom is synthesized, we get cqual parts of the dextro and.levo
varietics. Such a ml\tule is designated as dl-, or z (inactive), and
is known as “ racemic.” This inactive mixture can, as a rule, be
resolved into the active constituents in a number of different ways.
One of these depends upon the property which certain organisms
possess of destroying one component more rapidly than another.
For example, bacteria destroy the l-lactic acid and penicillium the
d-lactic acid. ’

The souring of milk is due to the formation of lactic acid (the
inactive variety), and this is brought about by the action of cer-
tain bacteria (which are also present in the air) on the milk sugar
or lactose present in the milk. The acid so formed precipitates
the principal protein (caseinogen) in milk, giving rise to what is
known as “ curdling.” The synthetic lactic acid of commerce
is prepared from acetaldchyde, as follows:

OH Hydrol
/ ydro \sm Ha—(‘/( OOH
\H \H

Lactic acid is made commercially by fermentation of sugar.
It is a colorless, viscous liquid and is used in medicine, dyeing
and calico printing. The antimony, zinc and iron lactates are
used as mordants. Silver lactate is a powerful antiseptic.

Dextro-lactic acid, or d-lactic acid (also called sarcolactic acid
and paralactic acid) is found in muscle tissue, meat extract, blood
and urine. Inactive muscle is alkaline and after activity it
becomes acid, a change which has been ascribed to the formation
of lactic acid. When the d-acid is heated it loses its optical activity
and is converted to the inactive or di- variety.

Levolactic acid, or [lactic acid, is obtained when sugar is fer-
mented with bacillus acidi levolactici.

The d- and (- lactic acids and the dI- or 7- variety show the
same physical and chemical properties; they differ only as regards
optical activity.

(The intermediate changes that proteins, fats and particularly
sugars undergo in the body in their ultimate breakdown to carbon
dioxide, water and simple nitrogenous bodies, are associated with
the formation, it is believed, of lactic acid, among other sub-
stances. The evidence is accumulating to show that lactic acid

(*1-13—(‘/

L HON—CH;—CZ
\H
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is an important intermediate product in the decomposition within
the body of the common foodstuffs.)

(An isomer of lactic acid is B-hydroxypropionic acid, or
hydracrylic acid, CH,—CH,-COOH, in which’ the hydroxyl

OH

group is in the B-position.)
Hydroxysuccinic acid, CHz-COOH (commonly known as

CH(OH) - COOH

malic acid) is present in unripe apples, cherries, grapes, ete.
It may be prepared from bromosuccinic acid by the action of
silver hydroxide:

CH:-COOH CHs-COOH

| + AgOH — | + AgBr
(IJH- cooH CI‘H- COOH

Br OH

Malic acid is optically active and has the general properties
of hydroxy acids.
Dihydroxysuccinic acid, CH(OH)-COOH (commonly known

CH(OI) - COOH

as tartaric acid), contains two hydroxyl groups and is a dibasic
acid. It can be prepared from dibromosuccinic acid by the
action of silver hydroxide:

CHBr-COOH CH(OH)-COOH
' + 2AgOH — | + 2AgBr
CHBr-COOH CH(OH)-COOH

The reduction of tartaric acid (with hydrogen iodide) first
yields malic acid and then succinic acid. Interesting, also, is the
fact that maleic acid, or fumaric acid, representing the unsaturated
dibasic acids, may be converted to tartaric acid by oxidation with
potassium permanganate:

CH-COOH CH(OH)-COOH
I + H0 + O — |
CH-COOH CH(OH)-COOH

Maleic acid or
fumaric acid
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The following four forms of tartaric acid are known:
COOH . COOH COOH
H—(IJ*—OH HO—(IJ*—-—H Equal mixture H——é*——OH
HO——CI*-—H 7LI—~(|3*-OH (A) a(ilfd (B) H——(IJ*—OH

| | is
COOH COOH  dI-Tartaric acid COOH
(inactive)
‘ d-Tartaric acid I-Tartaric acid Meso=Tartaric acid
(A) (B) ©) D)

1 Thus we have two forms of tartaric acid which are optically
active [(4) and (B)]; and two which are optically inactive
[(€C) and (D)]. (A) is the mirror image of (B), while in (D) the
upper part of the graphic formula is a mirror image of the lower
part. (C) can be resolved into the d- and [- forms, while (D) can-
not. (C) issaid to be optically inactive by external compensation,
while (D) is optically inactive by internal compensation.

d-Tartaric acid is the one found in grapes in the form of
] potassium acid tartrate. [-Tartaric acid may be obtained from

1 | the inactive form by  splitting ” or resolution into the active

isomers.

Racemie (inactive) or dl-acid, is found in grapes and is formed
when the d- acid is boiled with NaOH solution. It may be resolved
into the d- and - forms.

A fourth variety, meso-tartaric acid (first prepared by Pasteur
by heating the cinchonine salt of d-tartaric acid) is also inactive,
but, unlike the racemic acid, cannot be resolved into the d- and I-
forms.

(The history of tartaric acid is intimately associated with the
development of our ideas of optical activity and of the asymmetric
carbon atom; and with these ideas the names of Pasteur, van’t
Hoff and Le Bel will forever be linked. It was Pasteur who first
showed that the racemic acid was really a mixture of two types of
crystals, one the image of the other, and that when mechanically
separated and dissolved in water, the one type turned polarized
light to the right and the other turned it to the left, suggesting at
once that the racemic acid was really a mixture of the d- and [-
forms. The later researches of van’t Hoff and Le Bel connected
optical activity with the presence of one or more asymmetrie car-
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bon atoms within the molecule. There are two asymmetric carbon
atoms in the molecule of tartaric acid; these have already been
referred to.)

Salts of Tartaric Acid. — Potassium acid tartrate,
CH(OI) -COOK (also known as cream of tartar) is a constituent

CH(OH)-COOH

of baking powders, and is used in dyeing.
Sodium potassium tartrate, CH(OI)-COOK:-4H>O (com-

CH(OH)-COONa

monly known as Rochelle salt), is a constituent of Fehling’s
solution and is also used as a purgative (in “ Seidlitz ”’ powders).
Potassium antimonyl tartrate, CH(OH)-COOK (also known

CH(OH) - COO(ShO)

as tartar emetic), is used in medicine as an emetie, and also in
dyeing.
Citric acid, CHy-COOH, is a monohydroxy tribasic acid, and

HO~('?—COOH -H:0
CHz-COOII

is found in lemons (from the juice of which it is commonly pre-
pared), berries, limes and other acidulous fruits. It is also pre-
pared on large scale by the fermentation of glucose or sucrose,
by certain mould fungi as citromyecetes pfefferianus. It is used in
lemonade and other beverages, and in calico printing.

Magnesium citrate (CsH507)oMgs is used as a laxative, and
ferric ammonium ecitrate, in blue-print paper manufacture and in
calico printing. Sodium ecitrate is used extensively for the pre-
vention of blood coagulation.

Acetoacetic acid, ClI;-CO-CHz- COOH, or acetyl acetic acid,
and its ethyl ester, acetoacetic ester, CHsz-CO-CHz-COOCoH5
are here considered because the ester may be looked upon as a
derivative of a B-hydroxy unsaturated acid:

Cl3-CO-CHz-COOC:H5; or CH;-C=CH-COOC:Hj5
|
OH




128 HALOGEN SUBSTITUTED ACIDS AND HYDROXY ACIDS

Acetoacetic acid is one of the ‘“ acetone bodies” present in
the urine of persons suffering from diabetes, and it is commonly
known as ¢ diacetic acid.” It is an unstable acid and decomposes
into acetone:

CH;-CO-CH,-[COO|H — CH;-CO-CHs + CO:

which explains the presence of acetone in the urine and breath of
diabeties.

Acetoacetic ester, CHz-CO-CHo-COOC2H5 (or, more cor-
rectly, ethyl acetoacetate) is a compound of considerable impor-
tance in synthetic organic chemistry. Claisen’s explanation of
its synthesis, which follows, is the one generally accepted to-day:

v
i 202H5011 + 2Na - 202H50N3, + HQ

/O ONa
2. CH3—C< + NaOCoHs; — CH;—CZ0CsHs
\OCyHs NOC:Hj

ONa

/
3. CHa—C< 88;%2 + g>cH.cooczﬁs

/ONa
— CH3—C=CHCOOC.H; + 2C.H50H

Sodium acetoacetic ester

ONa
4, CH3—C=CHCOOC:H5; + CH3COOH
OH

— CHg—C_—/_CHCOOCﬂL-, + CH3COONa
Acetoacetic ester
Tautomeric forms:

CH3—C&=CHCOOC:H; =2 CH3—C~CH.COOC:Hj;
Enolic Ketonic

Acetoacetic ester is prepared by the action of sodium on

ethyl acetate. A small amount of alcohol is needed for reaction

(1); additional quantities of alcohol are formed as shown in (3).
/OH

The enolic form (—C:CH—), first produced [see (4)], rear-

- et form (20 .

ranges to the more stable keto form \—CZ%CHys—/. An equi-

librium mixture of the enolic and ketonic forms contains 7 per cent
and 93 per cent respectively.
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(The type of isomerism wherein, under certain conditions, a
compound passes from one structural form into another, is known
as tautomerism.)

Acetoacetic ester is a colorless liquid with a fruity odor.

Uses of Acetoacetic Ester.—Depending upon the reagents
used, as well as the concentration of solutions, the following two
types of decomposition take place:

(a) Ketonic hydrolysts:

CII3-CO-CIIz- [ CO | O-CoHs5
H O'H

Dil. aqueous or ale.
acids or alkalies

CH;-CO-CH3 + CO2 + CoH50II
(b) Acid hydrolysis:

HO|H HO |H

Conc. ale. KOH or
Cone. aqueous KOH

CH3;COOH + CH3COOH 4+ C.II;0H

One or both hydrogens in the —CO.CHa— part of the aceto-
acetic ester may be replaced by various groups, giving rise to sub-
stituted acetoacetic ester derivatives. (A somewhat analogous
case may be found in malonic ester, p. 97.) If one mole of
sodium ethylate reacts with one mole of acetoacetic ester, the
compound

/ONa
CH3—C=CHCOOC.Hj3
is produced. This reacts with an alkyl halide, for example, as
follows:
o

/ON:L /
CH;—C=CHCOOCH 54 1CH;—CH3z— | C—CHCOOCHj5

0 b,

0
~ CHy—CZ CHCOOCSH, (1)

f
CoIl5

Ethylacetoacetic ester
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N\C:Hj
and by means of a series of analogous reactions another alkyl
group may be introduced, giving, for example:

/O
(1) still contains a replaceable hydrogen atom| —CZCH—

O CHjs
CHs—CZ L COOCSH; )
\Csz
Ethylmethylacetoacetic ester

~ On acid hydrolysts, (1) decomposes thus:
CH3CO | CH—COO | C2H;

|
CoHs

HO |H H|OH
— CH3COOH +CoH;- CHy - COOH+C.H;0H
and (2): :
/CH;
CH3CO | —C4£-C00 | CoHs
N\C,H;
HO |H H| OH
CH;
— CH3COOH + CH—COOH + C.H;0H
\C,H;

which means that we are able to build up (synthesize) mono-

R
basic acids of the types R—CH2COOH and >CHCOOH.
R

On ketonic hydrolysis, (1) decomposes thus

CH3COCH— | CO | OCsH3
| — CH3-CO-CHgz-CoHz+4CO2+ CoH;OH
CoHj

H| O|H
and (2):
/CH3
CH3CO—C CO | OCH5
NC.Hj
H| O|H

CH,
— CHs-CO-CZH 4+ CO: + C-H;0H
\C,Hs
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